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FOREWORD 

' Agriculture is by far the largest industry in the Southern region. Production of 'agricultural 
products from the vast land resources and uniquely favorable-chmate of the region is essential m 
meeting the food and fiber needs of the states and the nation with some left over for export to 
help fe«d and clothe the under priviledged of thp.world The region's geographic location, close on * 
the north and west to the major population centers of theoation and with the east 'and south 
havinj^xcellent deep water ports, facilitates rapid movement of its agriciilture and fo^test products * 
to the consumer at home or abroad " . > 

Jfie availability of energy ip ^he form of cheap fossil fuel enabled* the region's farmers to 
mechanize their operations and mclJ-ease their outpuUabove that of most f^mers of other nations. • 
Such a sustained rate of production can be maintained oflty through contmumg^vailability of ao, 
effective energy supply. Though j^ftc^lture uses X)nly a small percentage of the nation's total 
"^ergy consumption rt still amounts to millions of barrels of crude oil, therefore, it is a challenge' 
to agriculturists to conserve energy wherever efficiencies can be made in producing, processing and 
marketing food and fiber « , ^ 

/: Realizing that the energy situation has already affected every person m !he nation and recog- 
nizing the need ior assessing the energy situation m agriculture the Council for Higher Education 
in the Agricultural Science^ recommended that a regional conference b^ conducted to acquairft 
agriculturists wiV^ the situation and begin formulation of plans to increase energy efficiency m 
agriculture A regional planning committee of 10 members representing extension^ research and ^ 
teaching assisted the ^Toject director in planning th*e conference The conference involving 122 
participants from college of agriculture administrations, facultymembers from extensiort, research . 
and reaching, USDA. state agency and industry representatives was held in Atlanta, Georgia. 
October 1-3, ^975 This conference partially supported by the W K. Kellogg Foundation provided 
an excellent overview of energy usage^n agriculture, with many^challengin^ ideas for conserving 
gbr dwindling resources l,n addition these proceedings will serve as an excellent source of refer- 
ence material on energy usage m agriculture for personnei involved with energy efficiency whether 
It be m extension, research or teaching activities. The Council of Higher Education in the Agricul- 
turaf Sciences commends these Proceedings for use by agriculturists and others concerrfed with 
improving the efficiency of energy usagp in agricultural production in the South.. ' 
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■ THE UNITED STATES ENERGY SiTUATION: 
ITS IMPLICATIONS FOR PERSONAL AND INSTITUTIONAL PLANNING 

>i ■ , ^ 
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For severat reasons, glad to accept your invitation to be the opening speaker at 
this conference on energy in agriculture. In the first place, your conference is timely be- 
'caqse the energy crisis has already affected every individual and institution /n the nation, 
and will have far more profc^id effects in the futiJre. ■ ' ^ * 

But your conference is timely from another pbint of view. On June 30, a Westinghouse 
task force, which I directed, completed a very comprehensive long'-term energy analysis 
ond'er contract^to the Fe^efat Energy Administration. 1 think you will find the results of 
this stJdy - ^hich 1 will overview for you this niorning - quite helpful in putting the 
energy situation into perspective. 



Fflderfl Entrgy Administration Study Framework 

Time Period: 1 972 tp 20(50 ^ 

Population: Serie^F: 19?2 208 X*106 
\ 2000^ 251^X 106 

Energy Import Objectives - Percent of Domestic Use 



Oil 

Gas . 
Coal 

Uranium 

GNP Growth Rate: \ 
GNP'per Capita Growth Rab 



0% 
• 0% 
0% 



3.2% in Constant $ 
2.5% in Constant $^ 



ril begin my presentation by outhniog the study frame- 
work. The period of concern is from 1972 through 2000. 
1972 \i significant as a starting point because it represents 



the last year free of energy supply constraints You will re- 
call that the oil |x)ycott started'in October of 1973. 

The time horizon extends to the year 5ooo, a period, 
long enough to Identify short-term, mid-term and lorig term 
energy problems and policy implications. 

The current population trend — technically called Series F 
- will cause our population to rise frbm 208 miilton in 
1972 to 251 million by 2000. ' v 

National energy policy was assumed directed toward re- 
ducing oil imports to 10% of domestic consumption - a 
level jthat could, with some disruption accommodate a 
future oil boycott. Self-sufficiency was taken as the national 
policy objective for natural gas, coal and uranium. 

The constant' dollar.GNP annual growth rate 4jsed'was a * 
moderate 3.2%. This translates^ to 2.5%* annuafVowth of 
per capita GNP, enough for our citizens as a whpte to make 
a little economic progress and enough for our society to 
continue to maVae progress against poverty. 
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Structure of Energy Use 
1972 Data - 1015 BTU 
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* 




Gas 


on 


Coal 


Nuclear 


Renewab/e 


Total 


(Memo) 
Electricity 


. End Uses ' . * 
Residenttal 
Comrrtercial 
Manufacturing « 
Transportation 


6.5 
1.1 

' 7.3 
08 


3.3 
3.4^ 
35 
17.3 


'0 2 \ 
0.2 
40 


) 


' 0,2 

' 0.9 


10.2 

d 7 

15.7 
18 1, 


2J 
• in 

2.*1 
0,2 




Energy Processing 
Fuel Prdces^ing 
Etectncity 
Processing 


33 
4 1 


2 4 - 
3.1 ' 


■ °V 

7 8* 


06 


1 0 


69 
• 166 


0 1 

0,6 ^ * 






23 J 


33.0 - 


12.4 


0.6 


2 1 


71 2 


(T&D Lossf 
6.0 * 
((Jutput) • 



F?enewabje Includes Hydrot@ 3.413r-BTU/KWH), Solar, Geolhermal. Wind. Tidal^ Woob. etc. 



* Npw consider the structure of energy uSe Note that the 
really useful applications of energy, called End Uses in this 
chart, are to supply the Residential, Commercraf. Manu 
facturtng and Transportation Sectors of the econpnriy. 



expended to prepare energy for .delivery, to the end use 
sectors The energy pro(iessing category therefore includes 
energy required to extract and refine gas, oil, coal and ura- 
nium, synthetic fuel conversion losses, and lps$es inc urred 
"frrgeneratmg electricity ? • » - 



Residential Sector 
1972 Data -1015 BTU 



CentraUAir Conditioning - 

Room Air CoJiditioning ' 

Lighting 

Refrigerafors 

FreQZers'^ 

Television 

Dish Washers . ^ 

Clothes VVashers 

Clothes Dryers ' » 

Cooking* ' ■ 

Other' Appliances 

W^ter Heating 

Spac^ Heating* Elec. Resistance 
Heat Pumps 
Non-Electnc 



Ml 



scellar^ous 



Total 



Gas 



.076 
.346 

l.,154 

4.630 
-.310 

7^ 

6.526 = 



Oil 



.061 

I 

\ 

.300 



2,740 
.155 
3,256 



Coal 



0.240 



0.240 



Nuclear 



Renewable 



.013 ' 
150 



0.163 



Total 



10.176 



(Memo) 
Electricity 





.159 




.1^ 




.275 




^11 




\ 118 




.153 




.027 - 




.023 ? 


'076^^' 


- .082 


407 


.112 




.146 


1 455. ■ 


. .278 




257 ' 


..013^ 


.022 


7.760- 




'.465 


052 



2.153- 



By recognizing the structure of energy use, it is possible 
to avoid the pitfalls inherent m making future energy, use 
estimates by simply projecting historical growth rate^ata 

We avoided this pitfall by analyzing each significant use 
of energy, exactly which forms of enelgy supply each use, 
and took into account factors such as saturation effects a^fi 
efficiency trends. 

A 



For each use category, energy requirements weTe deter- 
mined at B-year intervals through the year 2000, The use 
categories^, analyzed are evident from these tabulations 
which show 1972 data for the residential sector, the oom- 
mercial sector, the jnanufacturing sector, the transportation 
sector, and the energy processing sector^ 



Commercial Sector ^ |f • 
1972 Data- 10^5 BTU " ' - — i^^o 




Gas 


Oil 


Coal ^ 


Nuclear » 


Renewable 


Total 


iMemo) 
Electricity 


Space Heating, 

Water^ Keating ^ 

Air Conditioning • N 

Commercial Lighting ^ V 

Street Lighting ^ ^ 

Irrigation 

Crpp Drying 

Agriculti/lre Vehicles 

— noati Tar dtiU A^phjli — = 

Miscellaneous , 


048 

.036 

.015 

- \ 

.213 


K025 
-^070 

.048 
.084 
.580 
- -1.137 ' 
468 


.014 
.002 

% 

.131 - 




— ^ ^ 


1.853 
.120 

.084 
.099 
.580 
1 137 
.812 


.038 

.004 

.225 
. .518 
^.042 ' 
*.036 

.131 


Total 


1.13 


3.41 


*0.15 






4.69 ' 


.994 
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^nufacturing Sector 
■ 1972 Data - IQl^ BTU 












/ 






- - Gas 






Nuclear 


Renewable 


Total 


(Memo) 
Electricity 


Chemicals 
Paper 

Durable Goods 
•*Food ' 
^teel 

Aluminum 

Cement 

Glass i 
Feedstock and Raw Material 
Misceilaneods 


1.833 

.557 

.689 ^ 
^ .590 
' 637 

.345' 

.227 

.237 
1.470 

.742 


.204 
^371 
.148 
.163 
.197 ' 
.012 
.070 
.008 
1.025 
.387 


.550 
.233 
.169 
.140 

2.203 
.083 
.167 

"003 
.105 
.369 




.854 

1 

■ I 

.012 


2.587 

2.015 
,1.006 
.893 

3.037 
.441 
.463 
.248 
' 3.501 

1.510 


308 
' .118 
.360 

.123^. > 
.134*^ 
<192 
- .031- 

.825 


Total 


7.33 


3,48 


402 




fO.87 


15.70 


2.11 



»Tr8nsport«t|§i Sector ^1972 Data • 


-10l5eTU 










Gas 


OU 


Coal 


Muclear 


Renewable 


Jotal* 


(Memo) 
Electricity 


Auto* 


Urban 
Rural 




> 5.252 
3.680 








5.252 
' 3.680 




8u$: 


Urban 
Interci^ty 
• School V ' ^ 




" .058 
;028 
.039 








.058 . 
.028 
.039 - 




Truck., 

- 

f 


i Axle, 4 Tire 
Other Single Unit 
Combinations 




1.299 
1.002 
' 1 227 








1 299 
. 1.002 
1^227 




Rail: 

• 


freight 

Passenger Intercity 
rdsseii9>2r i^rudii 




527 
033 








.527 
.033 


,009 
.001 
007 


Air- ! 


Passenger Domestic 
■ dssenger iiiicriiaiiuiidi 
/ Cargo Domestic 
Cargo International 
General 




.968 
,256 
.168 
.099 
.100 








,968 
.256 
.168 
,099 
,100 






Mihtary 




.609 








,609 




Water. 


Domestic 
Overseas 




.429 
.820 








' 429 
^ .820' • 




Pipeline: 


•4 

Gas 
Oil 


.791 ■ 


132, 








' 791 
-.132 




Miscetlaneous 




' .539 








.539 


* 


Total 




17.255 








18 055 ' 


,017 



X 



•Energy Processing Sector - 1972 Data - lO^S BTU ' ^ — 




Gas 


Oil 


Coal 


' ^iuclear'- 


-Renewable 


• Total 


(Memo) 
Electricity 


Fuel Processing 
Synthetic Fuels 
Coal Gasification ' 
Coal Liquification 
♦ Extraction and Refining ^ 
Gas f ^' 

Coal 

Uranium ^ ^ * 
Handling Losses^ 
Gas , 
^1 
Coal 


1,453 
, 1.463 
, '.003 

347 


.080 
2.078 
' 022 

.234 


.004 
025 

.22& 




• ,' 

r 


< 

1,533 
, 3 545 
' - ,050 

, .347' 
,234 
- ,225 


093 
,024 ^ 
,024' 


Subtotal 


3.27 . 


2,4,1- 


• ,25 






5,93 


,141 


'i 

Electricity Processing ^ 
^felectricity Sold . ^ 
T & D Losses 
Electrical Output ^ 
Fuel input 


4.10 


3,13 


1 

7,83 


.58. 


.96 


-y 

,16.60 


5,416 • 
,572 
5.988 - 


^ Total 


7.3^7 


'f.SA 


8.08 


.58 


.96." 


22,53 





Now let's njove to the bottom line ' 
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U.S. ENERdV^USE BASED ON 1972, TRENDS 
• . 10^5 BTU 



I I Domestic Supply 

'TiPOrisl+Shcvfla^f With Maximum 
yCcC^ domestkc Production 



51 2 




166 tee 



.972 J985 2000 , 972 .,985 20j>0 ; ,972 ,9l6 20<» ,972 ,986 2000 ,972 ,t ,985 • 2000 ,972 ,^5 2000 



TOTAL 
ENERGY 



GAS 



- OIL 



COAL 



NUCLEAR RENEWABLE 



^ Adding all sectors together reveals the energy plight that 
the trend existing in 1 972 v^as getting us m^o. 

Our total energy would rise from '71 to 171 quacks', a 
grov^h rate of^3.2% annually Relating the information given 
in Btu's to percentages, we find that«of our total needs, im- 
ports would rlsTfrmrri 5%>in 33^ in 1965, and 
reach 41% by 2000 even with a successful program of maxi- 
mizing jJ^S» oil and gas production along with a moderate, 
program of pjoducmg syntlfetic oil and gas from" coal/ 

A glance 4t the gas situation reveals, our most severe 
short term probl'em. Gas imports woulcl have to rise from 
4% of 1972 consumption, to''34%V 1985 and hit 75% by 

^000, Gas in these quantities is simply not available^for im* 
port. Even the 1 quad we are now importing ts in jeopard^ 
as our major supplier, Canada, has served notice^t wishes to 
(discontinue supplying us ^ * 

Jurning to oil', imports would rise ?rom 29% of consump* 
tion in 1972, to 52% in 1985 a*nd reach 68% by 2000. This 
IS obviously intolerable; it threaten our national security. 
placesl.an intolerable bufden on our balance of ^payments. 

' and adds to ou^ alfeady serious mfjatpn prolslem. 
* Is conser\^ion .the answer? Let's seel Suppo^ we adopt 
a very ^aggressive natio/ial energy conservation program. 



Residential Sector Conservation Actions 

(Higher Energy Prices ^ All Sectors - ^ice Elasticity) 

Improve Home Insulation 

%■ , 

Improve Efficiency of Utilization Devi'ces 

• Gas and Oil Furnaces 
" • Heat Pumps 

• Water Heaters 

• Appliances 

*>^_ighting (More Fluorescent) 

• Air Conditioners* • ' 

• Electriqjgmtors for Gas Pilots 
"Use Less" Ethic 

• Turn Off Lights ^ 

'"^ • Lpwer Thermostat in Winter ^ 

• Higher Thermosti^t in Summer 



In the Residential Sector we can improve home insula- 
tion, improve efficiency of utilization devices, and Infuse 
a "use less ethfc" into our society. • - ' 



Commercial Sector Conservation Actions 

Improve Building Insulation 

Improve Efficiency of Utilizatjon Devices 
' • Gas and Oil Furnaces ^ 

• Heat Pumps 

• Water Heaters «r ' 

• Appliances 

• Lighting (More Fluorescent), 

• Air Conditioner's 

• ^Crop Dryers ^ 

• Reduce Tillage m Agriculture 

• CTieselize More'Off Hl!ghway Agr^ultural 

Vehicles 

"Use Less" Ethic 

*• Turn Off Lights ^ 

• Delamp 

• Lower Thermostat in^/Vinter ^ 

• Higher Thermostat in Summer 



Transportation Sector Conservatwo Actioni 

Shift Traffic to We're Efficient Modes * 
Passertgers - By 2000 
' t2% Urban ^uto PM to Bus 

Urban Auto PM to Rapid Transit , 
* 1 5% Domestic Air f M to Rail 
Freight - By 2OO9 . ^ 

' 25% Domestic TM to Rail ^ . 
50%of Combi TM to Rail 

Reduce Energy iRtensiveness of Transportation 
Equipment By 2000 



AutQ 
Bus * 
Air 
Water 
Truck 



25mpg 
12% Less . 
25% Less ^ 
10% Less 
10 25% L'ess* 



Improve Load Factors 



In the Commercial Sector we can improve building itisu 
latiorClmprt)ve efficiency of utilization devices, and infuse 
the "use less ethic " 



Manufacfuring and Fuel Processing 
Sectors Conservation Actions 

• Reduce Heal Lasses ^ 

• Reduce Energy Needs of the Basic Process 

• Apply Heat Recovery Techniques 

• Shijt to Less Energy Intensive Materials 

• Recycle MoTe ^ 

• Co Ger^erate Electricity and Process Steam 

• Infuse the Conservation Etiiic ' - * 



In the Transportation Sector we ean shift some passenger 
and freight traffic to more effictent modes Basically this 
means shifting passQngers from auto and air to buses, rapid 
transit and rail It means sljifting freight from truck and air 
to rail ' » 



We can 'also 're^fuce' energy ^ in tensiveness ol transport^" 
tion equij^ment, and improve load factors 



Electric Utjiity , 

Oil By 2000 Used for Peaking Only ( 1 5 quad) 

None for Base Load . ' 

t 

Gas.^By 2000 Alt Gas is from Coal Gasification 
(3 0 quad) and Burned In Cdmbined 
Cycle Plants ^ > 



Similar conservation principles can be applied to the 
Manufacturing and Fuel Rrocessing^ectors, and a few n^w 
ones as well Here we^Cdn reduce heat losses, reduce energy 
needs^of the basM: processes, apply heat recovery techniques, 
shif^ to less energy in.iensive materials, ^recycle more, co- 
geperate electricity and process steam in very large in 
dustnes, and mfuse the conservation ethic. 



Turning to the Electric Utility Sector, by 2000 only a 
small amount of oil will t>e burned and that for peaking 
duly only All gas burned will then come from coal via gasi 
fjcation pt^apls 

Lopking^again to the bottom line, let's see if conserva 
tfon alone solves our national energy problem 



ERIC 



6 

11 



us. energy use: conservation only 
ioisbtu 

I I Dom«tic Suw)lv ' 



p 128 6 



♦mpofti (♦ Shoftf^H Wfth Minimum 
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1972 !98B ^pOO 1972 198B 2000 1972 798B 2000 1972 1985 2000 1972 198B 2000 1972 138B 2000 



TOTAL ENERGY* 



NUCL6AP 



\ '"CrorTpial energy use riseb to only 128 quads in 2000 29% by 2000. IVip^only has our percentage dependence on 
compared to 171 .without cor^ervation* Again, relating imports douWed between 1972 and 2000. but m.absolute 
Btu's to percentages, we see that our dependence on on- \eir(\%th^ amount of energy being imported m 2000 is^j1/2 

• > ports rises frctfn 15% m 1*972. to^2i% in 1985 and reaches , times what it was in 1^72 ' 

V 




The gas problem is still wiU)_ us. Gas imports would 
represem 22% of consumption in 1985 and 64% of con 
sumption in 2000 compared with 4% of 1972 consumption 
Iq absolute terms, qas imports by 2000 would need to be 
16 times what they were in 1972/ vNahile the real world 
situation »s that it is doubtful we will be able to maintain 
imports even at 1972 levels * ^ 
^ . 2 ^ 
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OIL: CONSERVATION ONLY 
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Oil Imports as 
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' 50%^ 



37% 



29% 



1972 1985 2000 



The oil situation is still impossible. Imported oil's share 
of consumption appears to rise from' 29% in 1972, to 37% 
in 1985, and reach 50% by 2000 But in practice we would 
bfi 'depending on imports for more than half of our needs 
because even more oil would be used to replace the natural 
gas shortfall Even today this trend is becoming widespread 
in industry 

> Quite obviously then, conservation alone is no solution 
to our energy problems 
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Major World Energy Resources 


Fofsil lO^S'BTU 




Gas 


10 


Oil 


33 


Coal 


170 


Nuclear 10^8 btU 




Uranium*,Fission Reactor 


70 


Uranium-Breeder Reactor 


420,000 


\ Fusion Reactors 10,000,000,000 


Renewable 10^5 BTU Per Year 




Wind 


' 3 


Geothermal ^ 


9 


Tidal , 


48 


Solar 


540,000 







To b6gin to come to grips with' our energy problems we 
need to first review the world's energy resources The re- 
source base here is defined in terms^of ultimately recover- 
able resburces^cl tiding both known reserves and estimates 
of^all future finds. , , . ^ 

In^e fossil category there is about four t^mes as much 
coal energy as in oil and gas combined, * 

In the nuclear category, if we had to relV^xclusively on 
the present generation of nuclear reactors - fission reactors 
- there would only be enough uranium availatlfe to fuel re- 
actors for about 50 years. 

Breeder reactors, now being developed, will extend ura- 
mum suppMes for hundreds of year^ 

After the turn of the century fusion reactors are expected 
to become available and make Mailable an essentially limit- 
le|s supply of energy. 

Renewable sources of energy - such as wir^d, geothermal. 
tidal and solar - have been highly publicized lately as the 
^iipal solution to the world energy problem. Except for solar, 
however, these forms will^make only a minor contribution 
to our energy supplies by 2000. The basic problem is that 
they are enormously expensive to harriess. often remojte 
from sites where the energy is needed, and intermittent in 
nature. ^ * ^ 

Even solar, which has potential for home space heating 
and hot water heating, seems out of the question for elec- 
trical generation. A typical analysis, would show solar elec- 
tricity costing 30 cents per KWH. about 10 times the cost-- 
of alternatives. 
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Energy Substitution Economy 

• Vigorous Conservation of AILForms of Energy 

• Substitute Coal, Nuclear and Solar' for 

increasingly Scarce Oil and Gas 

• Preserve d'as and,Oil for Feedstocks, 

Lubricants, 'Jgi Fuel. Etc 



The pla'm truth is that between now and 2000 we will be 
forced to overcome the eyer increasing shortage of gas and 
• Oil by combining vigorous conservation measures and in 
^creased use of coal, nuclear power and - to a limited extent 
- solar Sif^ply stated, an Energy Substitution Economy 
must evolve 

Only by bringing this about can we avoid economic dis 
ruption while preserving oil and ga& for applications they 
alone can supply such as chemical feedstocks, jet fuel and 
lubricants. * 

\ 



OIL & GA^ USAGE IN THE U.S. 
^ 1972 

10^5 BTU 



. -\ Auto I I Trucks I 0th eft ] 



Spibe Hoating 



Otr«ct H«ft 



Water He«ting 



' Cooking 



4f we are ^oing to find, new energy sources to supplant 
gas and oiL most of th6 effort will be concentrated in just 
four uses transportation, space heating, process steam and 
direct Tieat* These foqr uses account for 80% of gas and oil 
consunription. ' ^ 

4^ VVe behave that by 2000 solar energy, will supply space 
^ heating and hot water to aboUt 10% of homes. 

^^Coal will be mcreasmgly u^d for supplying direct heat 
yid procesJ steam in industry In Jhevery largest i?idu5tries 
- paper, cherrijcals and petroleum refining - cogeneration 
'^n7f~e4ct^tfK:ity and process steam will increase significantly. 
But in the vast majority of applications, using our coal 
and nuclear resources will mean substituting electricity for 
direct combus^tion of oil and gas in as many applications as 
are technically and economically feasible. 

Let's start with transportation which accounts for 50% 
of our oil consumption " ' 



BATTERY PERFORMANCE CHARACTERISTICS 




> Lead Acid 


Battery-A 


ENERGY DENSITY 






Watthours/Lb 


12 


20 25 


CHARGING TIME 


. 8hrs 


3 hrs 


LIFE 




5 yi^s,^. 



World-Wide. 20 million dollars a year is being spent on 
electric battery research, from that will shortly cotne new 
batteries with double the.performance of the present lead 
acid battery. They'll recharge in less than half the time and 
last five times as long 

By 1985 we forsee batteries with four^times the per- 
formance of Iea4 acid and before the end of <he century 
that figure will be ten. 

The Electric vehicles that new battery technology will 
make possible will find initial application in lig^t vans for 
urban service in fleet type operations By this I mean mail 
an'd parcel delivery, telephone installation, meter reading 
and taxis 



Transportation Sector Electrification 
By 2000- , .'^ ^ 

• 70%of Urban Auto Vehicle Miles 
- • 50% of Urban Bus Vehicle Miles 

• icto% of School Bus Vehicle Miles 

• 70% of Single Unit Truck Vehicle Miles 
i • 70% of Rail Traffic 

•I00%of Pip^fes 



With this as a start, by 2000 it would be possible for 
electric vehicles to provide: 70% of urban auto vehicle miles, 
60% of urban bus v€^cle miles, 100% of schobi bus vehicle 
miles, and 70% of singly unit tnack vehicle miles^ 

Also by 2000, 70% of rail traffic can be electrified along 
with alt pipeline^ 

Next on our list of large oil and gas users is space heating 
In ^oth the residential and commej;cial sectors electric re- 
sistance spice heating is already well Known and growing in 
use. Lesser known is the most efficient form of electrical 
space heating - the electric heat pump, 

This„ technology had its*problems when it was first intro- 
duced stemming from poor reliability, misapplication and 
bad service. But now the major manufacturers have rede- 
signed their heat pumps and are providing products with 
v^fV acceptable reliability. 

Today's heat pump )s twice as efficient as electrical resis- 
tance, heating and fou|f times as efficient as Qas and oil at 
the pofnt of usf .' " 

We foresee 65 million homes heated etectrically i)y the 
year 2000 - 20 million with the heat pump. These homes 
will use electrrctfy for. water heating, cooking and clothes 
drying, further reducing consumption of gas and oil. 




Turning next to process steam, such as is used in making 
Heinz soup, th|s use accounts for one sixth of ajl the energy 
used in 1972 It has a wide variety of applications with gas 
and Oil fired boilers providing 80% of it and coal fired 
boilers the rest. Greater use of coal and electric boilers can 
significantly reduce oil and gas consumption for process 
steam, but there is something b^and new 



THE WESTINGHOUSE 
TEMPLIFIER 

Temperature Amplifier 



I It a Templifier - short for Temperature Ampli- 
fier It^ses the same^prihciple as a residential heat pump, 
but witlVa much larger compressor and working at much 
higher c5mpressi on ratios and temperatures 



FREE HEAT SOURCES FOR INDUSTRIAL PLANTS 

IN-PLANT SOURCES ^ ' 

• Overhead Vapors from Distillation Processes 
. • Warm Water Ef ffufent from Plant Processe's 

• Refrigeration Equipment Cooling Water 

• Air Compressor Cooling Wa^er 

• tlectric Weider Cooling Water , 

• Extruder Cooling Water 

« Injection Welder Cooling Water 

• Cooling Tower/Pond Water 

• Flu Gases 

OUT-OF PLANT SOU RCES 
•Condenser CooUng Water from Power Plants 

• Bodiefof Water - River • Lake • Ocean 
Air' ♦ 



^ For a Templifier, better free heat sources than the 
cold outside air used by the residential heat pump are avail 
able A body of water suth as a lake, a nver, or the ocean 
can be used Better yet, higher temperature free heat sources 
are often available from waste-lieat inside industrial pianos 
The first Templifier was p,ut into service this Spring in 
one of our plants and replaced a gas fired boiler it started 
up just in time to overcome a curtailment in ouf natural gas 
suppty 

Our fourth big user of gas and oil is direct heat Substitu- 
tion IS obviously feasible industry already uses electric 
furnaces along with induction heating, dielectric furnaces 
and electric ovens They are clean and efficient and often 
yield a higher quality product As supplies' of gas and oil 
dwindle industry is turning iQcreasingly ■ to electricity for 
direct fiat. 

An example of what's coming is our own lamp plant in 
S^ajina, Kansas Needing more glass melting capacity and 
with no additional gas available we installed an electric fur 
nace alongside the original gas furnace. 

There area few more energy vsubstitutions, but these are 
the mam ones and are all time will permit me to coyer to- 
day Let's see what the total effect of these substitutions 
and aggressive conservation is on the total energy picture. 



/M6w imported energy in 1985 is about the same as our 
present level of imports. As a percentage of total energy 
consumption, imported energy <irops from 15% in 1972, to 
11% in 1985 ahd to only 1% by ^000. We have gotten back 
control of our energy destiny. \ 



U.S. ENERGY USE. ENERGY SUBSTITUTION ECONOMY 
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The gas problem has been solved 8y drastically reducing 
g^s consumption all ga^ imports have been eliminated by 
1985. 

The oil pj:oblem is now manageable Through 1985, oil 
imports stJH increase somewhat over 1972 levels but then 
jieclme rapidly by 2000 Imported oil represents 29% of our 
1972 consumption/ 31% of our 1985 consumption, and 
only 4% of our consumption by^ 2000, Who cares if OPEC 
decides to impose another boycott^ 



With the alternative I propose, aggressive conservation 
combined with energy substitution and achieving energy 
independence, our supply of conventional oil would still 
last 43 years because production limitations still apply. 
Shale 0)1 would only extend the supply another 50 years 
how'ever I don't see this as a problem because we can ^art 
e^rly in the next centuty to find alternatives for oil in rts 
then remaining-'applications 

Coal and nuclear resources are no problfem. 
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Nuclear - EneVgy SubstJtuttoo 

. Lifiht Water Reactors Now 
• . , Breeder Reactor by 1990 

PusioQ Reactor m Early 2000's 



700 Years 



Unlimited 



From a depletion standpbint only gas and oil are in 
imminent danger of depletion. ♦ > 

If we only conserve g|s, our supply will be gone in 2005,- 
just 30 years from now. In the i^eantime the demand for 
gas m excess of attaii^able domestic production levels will 
have to be filled by imports, Qr by shifts to oil, or just pliiin 
suffering If, on the. other hand we undertake the Energy^ 
Substitution Economy, our supply will last fqr 70 years, 
imports can be eliminated, and other energy source^ will 
supply the needed energy 

In the case of oH, if we somehow could have. supplied 
all our oil needs from the U.S. froiD,,l972 on, all our oil 
would be gone in 24 years. Exploiting shale oii would add 
another 33 years. ^ 

If inStead^e conserve oil, recognize domestic produc*^ 
tion^fate limitations, and would accept the power of the 
sheiks to stop our economy cold by allowing unlimited 
imports, our oil would last 43 years. Exploiting shale oil . 
would give us another 75 years supply. 



U.S. GENERATING CAPACITY 
^ ^ (Gigawatts) . 

Enerqy Subititution 
Without LojU Mdn»9«mcnt 
____ Entrqv SobititutiOn 
•« , With Load Maniqeffwnt 

• ^m.^mm t972 Trend 
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^ • Implicit in the Energy Substitution Economy concept is 
the increased requirement for electnb generation facilities 
If 1972 energy use trends had persisted, total generating 
^ capacity in 2000 would have l^er; HIO gigawatts Conser- 
vation alone would reduce that to 1020 gigawatts. 

To^take care of all the substitutions we have discussed, 
*. total capacity'in 2000 would rise to I660gi^watts This 
would be a 83% increase over the Conservation Only case 
and-a 17% increase overl|ie 1972 Trend Case. ^ 

Byj. there iC.an important new development^that will 
lower ^generating capacity needs The Federal Energy Ad 
mijnistration has begun to enter *state^tility commission 
electric rate cases FEA's objective^ in part, is to *see that 
'eiectf^dty users pay more for using electricity during periods 
of peak "Remands on the electric utility system, and less for 
, '^lectricity^ used in slack dernand periods This strategy 
^houJd result in shifting electric loads off the peak and re- 
ductng the installed electrical generating equi^ent required* 

* We estimate that this toad management philosophy will ^ 
reduce the installed generating equipment needed for the 
Energy Substitution Economy in 2000 from 1660 to 1^90^ 
gigdwatts, a reduction of 1 1% ' 



PlanningSmpUcatioru of 
The Energy Situation' 

Conservation: 

_ ,,- -- ^ 

• Extensive Public Education and Voluntary 
Agreement Programs 

• Increasingly, Mandatory Efficiency Standards 

• for Energy Utilization Devices 



{^rom this overview, it -chould be clear that there ate a 
number of implications for personal and institutional 
planning in the energy outlook. Let's look into our crystal 
ball! 

On the conservation front we will^be seeing a rapid pro* 
liferation of public education programs designed to reduce 
consumption of all forms of energy. » > 

On a parallel track, government agencies vyill foe working 
with energy intensive industries to reduce consumption per 
unit of production. Manufacturers of energy utilization 
equipment of «ll types ^iH be asked to enter into voluntary 
agreements to increase efficiency. Such efforts are now 
underway In the auto and home appliance fields. 

As our energy crisis' deepens, one can expect to see 
mandatory energy efficiency standards taking over. Likely 
first candidates are commercial afTd residential buildings, 
autos and appliances. 
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Planning Implications of 
The Energy Situation 



*^hortage is Severe ar>d Will Get Much Worse 

• Industry Wjll Absorb Shortfall to Maintain 

Supplies for Residential, and 
Commercial Sectors 

• Short Term - Industry Will Turn to Oil, 

Worsening dil Import Situation 
•Mid Term - Use Cootrol for New Installatrons 

• Long Term -^^Coercive Measures to Force 

Switching^to Coal, Electricity and Solar 

- 



On the natural gas front, the shortage is already severe 
It will get much worse and eventually impossible"^^ 
. In order to maintain service to the residential and com* 
mercial sectors, industry^ will be forced to absorb the short* 
fall. InMhe short term industry will turn to oil to replace 
gas and the oil import situation will worsen One would ex- 
pect the wo|sening import situation - to be politically 
tolerated because the alternative is the loss of thousands of 
jobs. 

In the midterm I expect tO/&e^he emergence of energy 
use cofitrols That would mean that for applications that 
could be served by coal or electricity,^ use of gas or oil 
woufd be prohibited. Examples might be hot water supply 
in the meat packing industry'br in industrial metal cleaning 
^d plating processes. « 

Jn the larger term there will^ probably be coercive meas* 
ures taken, to force switching away frorpfgas^nd oil and to 
coal, electricity and solar. . 



Planning Implications of 
The Energy Situlition 

Oil:' * ^ 

• Mid'Term - Oil Imports Will Ris^ Significantly. 

Especially if Economy Recovers 

• Probably Mandatory Auto MPG Standards 

• Coerci\%^Measures to Force Use of * 

Mass Transit ^ 

• Heavy Government Iwvestment in Electric 

Vehicle Techn^egy 
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On the oil front, oil imports wiH^rise significantly in an^ 
event and sharply so if the economy recovers. This evertt 
will likely trigger mandatory auto miles per gallon standards 
among other measures. Coerdve oneasures to force use of 
mass transit a^ virtually c^rtalrT-as well. 

Heavy government investment lo eljjjctric vehicle tech 
nology. now in the ^talking stjages, Ts- #tually certain. > 



Planning Implications of^ 
The Energy Situation ^ 

Coal, Nuclear, Solar Electric Generation 
• Government Programs to Develop 

Resources and Ease Financing Problems 



Turning to the more plentiful forms of energy, much 
more ^^ernmental involvement m development of coal, 
nuclear and solar energy resources is certain At present this 
involvement is concentrated on Research and Development 
Programs, but pressures wilft)e enormous to extend involve- 
ment into brick and mortar in view of the enormous sums 
of money involved and the inability of the {Private capital 
markets to provide ir 



Planning Implication of 

The Energy Situation ^ , ^ 

Electric Rates. 

• Flatten Rate Structure* Probably With 

"Lifeline " Protection for Low Use Residences 

• Long Run Incremental Cost Used for Pricing 

• Time of Day Demand Metering/Load Control * 

• Much Development ofEnergy 

Storage Technology 



Major restructuring and reform of electric rates is just 
around the corner and the dimensions are now clear. , 

Rate structures will be flatter)ed to reduce or eliminate 
'the quantity discounts which now benefit large users. Life- 
line rates, intended to provide a cheap but small block of 
power to low incqjcne groups^ will become common. 

The long run incremental cost concept ts likely to achieve 
acceptance for rate desi^ purposes. Combined with'tinrte of 
day pricing, the net effect will be to irtcreasei cost of 
electricity used on-peak and ^educe the cost of Sectricity 
used off-peak. 

Time of-day demand metering will first affect the indus- 
trial sector and then be increasingly seen m the commercial 
sector. n . 

Load contrcA will be increasingly applied to the residen- 
tial sector The form of load control that will emergeiis not 
linear but is likely to be some combination of time switches 
controlling electric hot water heaters and some appliances, 
radio controlled switches accomplishing the sanr)e end, or 
ripple^controhworlong through the power lines. 

Finally^ I expect to see much development work dor^ 
on energy storage technology. Wbile applicable to all sectors, 
the first efforts will be in industry so that pjanU can draw 
power off-peak, store it as hot water or in batteries, and use 
the stored enecgy during utility peak hours. 



\'Setting a^tdtiVty crystaVball, there may be some ways^m 
which we at Westmghouse can^ help you cope v/ith ^e 
BRAVeN€WEK(tRGYWORLDA 



Waysl/Vestingh"pu$e Cari Help^ * * 
jPartial Listing) ' ' ^ ^ ' 

Typical User Energy Problem * 

• Analysis 

^ (Sometimes With Field Data Collection) 

• Develop New Technology*- 

• Desigrv Fabncate and Demonstrate New 

Device (or System Concept) 



The energy pVoblefiis of most users that we. have en- 
countered seem to fall into one of three categories, 

The first'cat^ory w the need to analyze an energy prob- 
lem, often inc^jding collection of field data as welL 
. . The«'^ecQfid category is the need to develop ^new tech- 
^iology"<to solve a problem 

Th^ ttlird category- is the need to design, fabricate and 
dembn&frale a new device or system concept. 



W \ 

Ways Westinghouse Can Help 
(Partial Listing) d 

Working Basis 

• Existing Product - Related Normal 

jj^Application Assistance 

• New Product/Technology 

Contract Basis 



Ways we can help you are giany and varied and obviously 
depend on what thyjpecific problem is. 

At the end 'dTUie spectrum, solving a problem may in- 
volve nothing more than application assistance for a product 
we already make. Here, just contacting our product division 
will be all that is needed. ^ 

At the end of the spectrum, solving a problem may take 
sophisticated analytical techniques , or advanced research 
and development effort. We would provide this kind of 
effort Off a contract basis. 

My /)wn organization, the Advanced System Technology 
Division, originally existed to perform contract study work 
on problems of electric utilities. But with tite energy "crisis 
there is often a close coupling between energy utilization 
technology and ele1c|nc ytiliti6Si So today our work goes far 
beyondjust studies for eiectric^utilities. ^ 

Here are some of-the^reas^e are currently involved in, 
either! independently, in a project management role, or in 
cooperation with other Westmghouse organizations 
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Ways Westinghouse CanK^elp . * 

(ParttalM-istmg) 

Technology and Field Demonstration 

• Butldmg ^ner§y Studies 

• Process Electrification Technology 

• Solar Technology 

• Emerging Heat Pump Technology 

Process Steam and Hot Water 
Gram Drying 

• Electrical Management 

Energy Storage Tfthnology 
^Demand Metering and Surveys 
Demand Control Technology 

• Impact on Electric Utility Systems 



bO^ activity is one of our groups.which does building 
energy studies using probably the most powerful cormputer 
analytical techniques in existence, Currer^tly their efforts 
range from studi6s of enefigy options for office and coiji- 
mercial buildings for architect engineers and govern(Tient 
agencies, to studies of dozens of residence^ for an EPRl 
heat pump research project. ^ 

^ocess electrification technology is another active area 
as gas .curtailments escalate. Applying electric arc heater 
technology to high temperature processes in the chemical 
industry is an example o'f one such activity getting a lot of 
our current attention . 

On solar tech^logy, Westmghdfise activities range from 
* conducting solar demonstFation projects in public^buildings 
to work for ERDA on using solar energy to generate elec- 
tricity m utiiity-sized quantities. 

Heat technology is another area of interest. The 

Temptificr, which I discussed earlier, Is/iow being demon- 



strated as & source of hot water for industrial use VVe are 
interested* im outside funding for extending the heatpump* 
ing principle into the 300 1F temperature rahge as \vell as 
into the grain drying field,. 

Load rrianagement technology, both from a user and 
utility standpoint, is another growing area where we can' 
help. Here our experience includes energy storage tech- 
nology, and demand metering and control technology. 



Ways Westinghouse Can Help 
(Partial Listing) 

Resource^C 

• R ^ D Laboratories 

• New Product Development Laboratory 

• Product Divisions: Products Serve All Sector} 
V • Advanc0d,System Technology 

Electric Utility and Program Coordination 



As your energy wprk progresses you may find situations 
where we can help you We at the Advanced Systems Tech- 
i^otogy Division of .Westinghouse will be happy to put to- 
g^her whatever combination of our resources is needed to 
support a contract effort to solve your problem. 

As I close, let me once agato thank you fo> Asking me 
to join you today. I hope thatiyou have found my presenta- 
tion to be current, interesting, and ntaybe even contro- 
versial. * " \ 

I do want to leave you with one thought. Th6 energy 
crisis IS ^already upon us. If we are going to solve it, no^ is 
. the time for action, not protracted debate. I tl|1nk«energy " 
action IS the theme ot your entire program I cjjngratulate 
you for that and wish you Godspeed. ^ ' 

Thank you. 
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Introduction 



H Paul Revere had it to do over again, he would never 
get to Lexington in time to save the nation. Today in the ' 
rush hour of Boston traffic there is no way he can make »t 
By the year 2,000 after Boston builds new transportation 
surfaces, he would fail because of the lack of fuel'ifor his 
vehicl/ He would fail, that is: unless our modern creative 
society can rise above traditional politics,* traditional 
fihifosophies about the Great Sojetyanekhe'new ideological 
thrusts for saving the total environment. We need a Revolu- 
tion, A special kind of revolution which could be called the 
Energy Revolution. This can be brought about if America 
will set aside politics, money goals, andjncome nnaintenarice 
j>rpgrams and instead will concentrate on re-captivatmg the 
interest, the attention, the enthusiasm, and the dedication 
of its most capable citizens. This couW become a revolution 
based upon knowledge, performance, contributions, coop- 
eration and acceptance of resppnsibility.^That is the Ameri- 
can Way or, more precisely, that is^the way the Bicentennial 
posters proclaim. But so far national eoergy policy has failed 
to appear on the mam track, U"6.Aa 

Americans are bewildered by the-sudd^nfess with Which 
the energy . crisis has impacted on our nation and they are 
confused about wbat it means, how long it will last, and 
what we must do to remedy the situation. There is much 
disagreement concerning the energy "policy" but all appear 
to agree* that food, population, ,»progress, and energy are 
related. - 

The exact relationship, howev^, has become confused * 
as a result of statements about exbessive use of energy by 
agriculturists. The statements are misleading and the bas^c 
data needs to be presented, tt is appropriate, therefore, tb 
consider energy in agriculture in terms o'f energy content ^f 
materials, arable land areas, world population; distribution 
l^of population and food requirements, production, processing 
and use. Then the food considerations will be explored in 
relation to energy budgets in'such a manner that the true 
facts about energy m agriculture and food will come to 
light. , • 




Land 

In the world in 1975 there are approximately 3.6»billion 
acres of arable land These land areas.are shown by regions 
in Figure 1. 

FJgure 1 

Arable Land Available for Agricultural 
Production Worldwide, by (geographical Region 

{Reference ^ 4) 
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r ^ Figure 2 , , * 
4 .World PopuUtron^witb Projectteni-To Year 2,000 



(Reference 3, 4) 
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In the world in 1,975 there are 'approximately'4 0 bU^ionX 
people. The distribution of v\^r|d population is presehted«in \ 
Figure 2. Note especially xhe'^owmg population m develop- , 
jng countries and .the almost parallel boundary linef for 
developedregions ^ ^||^ * 



World Ratio: 



Land 



vPeople^ • * ^ * 
Although the average world rdtio is about t acre per perT^ 
son. the unequal distribution pi population causes the 1^ 
^re^erson to be somewhat misleading. For e)<ampie» con- 
sider: 

^ For Asia 0.5 ^ere/person 
* For U.S.A. i. 5 acre/person 
This is quite a^m^'or*difference w^en one considers pro- 
ducing, food. Oo you work with 1.5 acres or 0.5 acres^ Tbe 
daily human repuirement for food is the same no matter 
^hat the Acreage. The peoples of a region must either pro- 
duce enough food, import |t^ or accept undernourishment 
^ as a part of their life. So longas they permit pof^lation.to 
increase without additional land area on which to produce 
fbod, or without Increased production/ acre, ther<e«re ob- 
viously problems «n hand. ' 



Food / 

It IS estimated that the per capita consumption jof food 
in the world will change Very little in the next 25 years. 
This assuones .that food desired will be available. More 
people wilY- require a greater food total biit not per person. 
The individual^ food consumption, woHd average, is: 



500 Kg X 2.2 Ib'/Kg = 1 100 lb/year 
or 

C 3 lb. of foodtday * 



In terms of Kil6calories, the normal amount required per 
person per day is 3,000. ' . , 

1 Kildl&alorie = 4 British Therryal Units |Btu) 
paily Btu requirement = 12*,,000 

According tothese relationships, a person needs 3 pounds 
of food 4ta>/ir)^an average Kcal content ^f 1,000/lb or an 
^ average Btu t:ontent of 4,000/lb. For the considerations in- 
volving energy the latter value is selected for purpose of 
comparisons. 



Required Btu = 1 2.000/day 




16; 

* • * 

21 



Energy Consideratiops and linage 



Solai* 4 ' 

As the Single source of inJ^the world's, energy, the SuQ 
annua(iy sends to the surface x>f the eajr^h* approximaiSy - 
0, 500,000 X 10^5 Btu* Most of th^s energy ii re-radiat^rf, 
into the ^mosphere^ but it is*estimated that maybe one 
percent is retained If this is the Case, the sun supplies an / 
nua^)y 15,000 x 10^5 which turns out to be about 60 times^ 
the total energy used m the world Capturing and using - 
more of the sun's energy is challenging and obviously merits 
much effort ' • 

Another challenge, to agriculture espe^cially, is to enhance qs 
the efficiency of plar>{s to convert solar cni^rgy » It is esti 
mate^that plants now use only*one to two percent of the 
available solar energy In their manufacture of plant tissue 
Ways and means of inci'easing this pef«^tage is obviously 
a merited research undertaking . 

.World Usage f 

The worrd's energy use m }970,hm been totaled by a 
University of California Food Task Forpe C?) ^211 8tu x. 
10^5 Of this amount, the4J S.A reC\u\re6 7^ xTO^S Btu 
or appcoximately 35 ^S^Ksf^^ all energy co/isumed in the 
world For 1974 these values are estimated to be 

^ 250 X 10^5 3tuWarki Use " 
83 X 1015 BtuU.S.A 
The proi^ted artet^gy requirements in I985are also,;given 
in figure 3 {3yv). Increases of these naagnitudes wil] seri- 
ously de£le;«^nergy supplies and miich adj,ustmeBt, reallo ^ 
cation, s^ection of f^ew types of energy, econp/ny o? use, 
etc. wtfl go up and down the stream between pow and 1 985 ' 
Particularly ip agriculture, the concq/'n is about natural gas 
as a source of rytrogen fertilizer. World petroleunv^s critical 
and coal and nuclear soufces of energ^r are sure to corf^e 
vefv much into the picture, by 1980 85, Nuclear energy 
sources will 'undoubtedly replace about .one-fourth of the 
fossil fuel types by 1 985. . ' ^ 

Us« of Energy In U.S.A. , ' ^ * * 

As shown graphically in Figure 3, the United States con- ^ 
sumes over 1/3 of the total energy used in the world al- 
though It has only about six percent of the woWd'5 pop<jl«- y 
tion Ours is an energy oriented living standard and rrrocti 
concern arises when certain energy sources are identified atf* 
exhausting and ni||n;renewable. They industrial might, ""the 
life style, tbfe fooc**production and transportation and the 
G N P have all evolved assuming available low cost energy 
And suddenly, or so it appears, the supply of energy lo its 
present form is very much in doubt ^\ 

Initially in the USA the base-energy soufoe was wood, 
along'with anTOal and man power Then coe^l became avail- 
able and our industry quickly moved from wood to coa<-' 
burning power "uriits for many applications. Then alort^ 
came crude oH and its multi-advantages, low cost and.abun- 
dancy led to the adoption of the fossil-fuel-based economy. 



ERLC 



"17 



Gasoline, diesel, gas-fire^ turbines,- electric devices became 
the backbone of our emrgy system It is important to em- 
phasize thatTn all these instances - wood coal oil - the 
choice to change to the* new energy. base was volutvtary. The 
principat^acfor tn today's enei)^ situai^n is that the change 
' from one type of energy to anoiljer \% not by choice. There 
. must bfe 3 re-dist(ibutton of energy types as these are ap 
"phed to"^ various industries, restdences, transportation sys 
tem^etc. , ^. ' 

- Oertainly nLfplear ^ower, s^ar- energy, and coal will pick 
up from crude^ oil much of the present energy burden 
Nuclear sources may supply over one half of the world's 
energy of t]ie next generltion Oil, coal^ solar will share in 
the load Bi^a resVugturing of our energy fise.alw more 
^efficieqt uses ^e the order of the day Theiimesof low-' 
cost, abundant energy "are gone AccQfdingly, energy bud- 
gets become very much a prime consideration for all future 
designs and applications ' 

T;he^ pie-chart shown m Figure 4 (2), focuses upon the 
^thought Ijft energy use ^nd control involves everyone The 
residentiSlsers of^^out 20 percent also contribute to The 
transportation 'share t^ommarcial and industrial uses re- 
quire about 56 peR:ent of alt U.S A. energy and agnculture 
IS avpa^t of this section . ^ 

• The pie-chart shown iii Figure 5 (2) gets directly to the 
energy and food issue This chart illustrates the fact that 
p/oduction agriculture uses only 18 perceijt of all food- 
related energy^ Many tuners agriculture, meaning proc^w 
agriculture, is erroneously chargedTWith all .of the energy 
bDdget ^wheft' it is obviously the food processing aoO food 
prepafatioff in the home whtch are the big. users of enexdy 
The 39 percent for food processi^ and 30 percent for food- 
related home-usis are clearly the major energy requirements 
which presently form the tood-chain-complex in America 
The total amount of energy required by the food-com- 
pi.ex '(Producpon — Dinner Table) in* America amounts to 
t3.5 percent of total ertergy use^^m this^country. Multiply- 
ing by thff factors in Figure 5, *the energy peft:€ntages be' 
come: ♦ ^ 

In UjS.A.,^percent of total energy used for food. 
, For Pood Pfoductron - I8x 13 5^= 2.4% * 

"=4.5% 

19 X 13.5 = 2.6% 
For Home Preparation - 30x 13 5 = 4.0% 
^ U.IS obvious that ttje two areas, food processing and 
food preparation tn the home, offer opportunities for epergy 
s^vitlgs. But cor^c^sratiOn of the 2*4 pgrceru of ail UlS.A. 
energy now bemg consumed while .prod'ftcing the food is 
the principal thrust of thft pap^f- Sayings iij^the protj^jction 
area might s^ill over ipt(3 the^ocessing area. But regardless 
of this eventuality, the concern ^about energy costs and^ 
energy avail^li\y for fertilizer (primarily natural gas for 
nitfogeo) arrd for fuel for trucks and tractors and cropdry- 
ttig are'^major i/sues in today's planning and allocations 



' For Food" Processing — 33 x 13.5 = 
^ For* Transportation & Commercial 
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Figure 4 • 

CniBrgy Usage in the United Stites, 1972 
Four Major Categories 

(AgrteOlture is a Part of Industry Action.) 



* ^ Figure 5 ♦ ^ ^ 

Pie CKart D^icting Energy, Usage )n the 
Overall Food,System - Production to Dining Table 
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Energy and Food Production 



The plant model of Figure 6 presents the basis for con- 
siderations about energy budgets^tn production agriculture. 
The plint^accepts solar energy, water, and c5rbon'dioxi{le, 
'converting them through^ pj^otosynthesis Into plant tissue. 
Thus, green plants are-'Smjally converters of solar energy 
/and store it as protein, carbohydrates and oil, thereby pro- 
viding forms* of energy whith can be used by humans and 
am mals. Various inputs such as water and fertilizer are ap- 
plied^ tn ef^Forts to control and enhance the efficiency, the 
quality and the rate of the conversion. An example with 
acutal quantities in the instance of the corn p)ant*is shown 
in Table 1 U^). Note \mthe \'% of .Total" column th^t tl^.^ 
largest energy requirements s^w for fertilizer (36%)-^and 
fuel (289^). In this particular example irrigation energy is 
lower than is the'casiin the Southeast. The energy for dry- 
ing is lower tffan usual because wi\h heated-air this value 
could ^easily be asMarge as that required for gasoline i 28%). 
The values shown ar^ for Ohio condKions. 

Calculations for these values and more details on prepar- 
ing energy budgets are presented ^n the following sections. 
The energy j^alues of interest in agricultural production and 
related activities are furnished in Tables 2, 3, and 4. 
' ' It is important to observe that eadi^acre-infch of irriga- 
tion water (under center-pivot, Soutfi Georgia conditions) 



Figure 6 

Model for Determinmg Input-Output 
Energy Budgets for Field Crops 

ft^f'UJ . / ' OUTPOT 
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f<irP*t6 For Food 



» Table 1 

Typical Valuasfor Enargy Inpuu to Field Crops (Corn) 
(Base Dali from RefererH:e 13) 



jtem 


Thousands Btu 
Per Acre 


% of Total ' 


Equiprnent 

FueJ 

Labor 

Seed 

fertilizer 

Pesticides 

Specials 

Drying 
* Transportation 

Irrigation 


1.667 
3.163 

19 
250 
4.190 

87 

'iJ06 
^77. 
134 


• 14,5 
27,6 

0.2; 

2.2* 
36.4 
0.7 

14.Sf 
2.4 

1,2 , 


Total input 


f 11.495 ; 


100.0 


Harvest (Output) 


32.399 * 


81 bu/acre 


Ratio' SMIE^I 
ipput 




2.8/1 



Tabl«2 

Energy Content of Various Materials In 
Terms of FudI Heat Values 



Material 


\ 

Amount 


Heating Value 




In Btu 


Coal 


lb 


^ 13.000 
^ 9.0C)0 


Wood, Ptne 




W^. Hard 


, lb , 


12,000 


Dry Biomass 


lb 


»^ 6.000 


Bagasse 


" lb 


8.260 


Gasoline^ . • 


^ Tb 


17.100- 


lb ' 


18-20.000^^^ 


Gasolihe* 


'Gal 


« 125.000 


Diesel 


Gal 


135.000 


Crude Oil 


"lb 


19.000, ' - 


Propane , 


lb 


21.^0' 


Propane 


Gal 


92.000'' 


Nat. Gas 


Cu'ft 


1.000 


.h^ethane Purr 


Cu ft 


1.000- 


Methane. Avg. 


Cuft 


.^750 


Electricity 


KWH 


3.412 


Corn 


lb 


7:200 



requires 500.000 Btu and to note that pesticides require 
44.000 Btu/lb. to produce. This is.withir) reason in the 
^budget when 2 lb/acre are used but the Valuer' can mount 
« up quickly if pesticides must be reapplied frequently owing- 
to wash'off by heavy rain. 

Values of energy required \o manufacture a piece of 
machinery or a tractor can be secure<^from manufacturers 
or from Reference 10. The vaKJC of energy required toj)ro- 



, Table 3 

Energy Required to Manufacture or Furnish 
Certain Items Used In Agricultural Production 



Material 
or 

Item 


^Amount » ' 


Energy Required 
To Produce or 
^ Furnish (Btu) 


Labor 
Electricity 
*lrrigapon 
N 
P 

K 4 

HerbVlnse^t 
Seed. C>f9in 


Manhour 
KWH 
1 acre-inch 
lb . 
lb 

* lb 

lb- * 
'b 


2.170 

10.000 I 
500.000 
33.600. • 
5.200 
— 5.200 

^uA^l 0.000 


'Center pivot under typical conditions m Coastal l^lain of South 
Georgia ^ . » s< 




Table 4 





Important Energy Values for Operations in 
Field Crop Production 
(References 10 and 14) 



Field Operation 
(Average Conditions) 



Fuel and Labor Energy 
Required. Thousands Btu/ Acre 



Moldbdard plow and Harrow 
Moldboard plow r 
Disc Plow 
Chisel Plow , 

Disc Harrow > ^ 
Plantef\ \ 
Cultivato'S*^^ ^ 
Fertilizer-Spre^dTerS . 
Sprayex \ 



400 
370 
370 
•240 
125 
45 
35 
<J6 
30 



iri^al 



o 

ERIC 



25 



Nude a If machines m normal row crop operations might t)e 
taken as'jo per^^nt of the subtotal, not including the 
"Specials."' There^^re many factors (such as times u$ed,\ 
acres, life of macliine, energy to nianufacture steel, etc.) 
which make it difficult to specify^an accurate value for 
, each item of equipment. ^ 

The energy input for any given crop production systeni^ 
IS the sum of the individual input energies shown in Figure 6. 
namely: 

Energy Input ^^Eequipment + Efuel + Ejabor + ^\^xi\\\ztx 
^ + Eseed f pest^pide * Ejpecials 

where Especials * Energy tor Irrigation iLBryiog + Ttans* 
^ , - portatlon +Tarmer Pickup Truck, v 

' Using this equation and obtaining.values from th? Tables, 
a prectiction is made for growmg one acre of corn under 
South Georgia conditions. Three inches of irrigatfon water ' 
were included but drying and transportation were pot. The 

.20.' • . . 



< • Tabjtf 5* 
^ -> • 

Summi^'of Calculations of Energy Required 
To Prodtt^ Ont Acre of Corn in Georgia ' 



' Energy Item 


oAniount 


Thousands of Btu 


' 'Fuel 
' Latsbr * 
FertUizer 
* 1 • 

Pestlbide' \ 

vBquipmeffr"^ ^ 
irrigation ^ 


4 sal ^ 

100 lb N 
\ 40 lb P 
40lbK 

21b 

^ ""lOlb 


' . 480 

3360 
\ 208 
208 

88 - 

100 • 


^ Subtotal 4454 


ImoffiTubtotaT 
— 3 inches 

m ' 1 


445 * 
1500 , 



Total 



630^ 



Harvest ' 


^' 90 bu X 56 Ib'/bu ifti2^Wb 




36,288" 



yield of 90 bushels)acre ^56 Ijs/b'ush^ provided data^or 
energy yield (output)* The results Vjf the cpmputations^ 
are given in Table 5. The returns. are seen>to be 36,288,000 
Btu for an input of 6,39^,000 Btu and trie ratio of output ^ 
fuel energy tjo inpgt IS 6.67/1. ^ " * 

Almost 6 ujiits are rjjurned foe each ofie unit of heat- 
energy equivalent input. 

Considering Energy Output/I nt^ut 



.In the corn production data shovfn in Table 5, 
, was not assumed to be a part of the system. This pr 



ing 

g 

step would require 20,000 Btu/bushel to dptcorn fr6m 26 
to T3 percent moisture undeP normal conditions. The input 
total would U)en-becdme 8199 x 103 and the ratio (return/ 
input)^bj^Qrnes 4.42/1. » ^ 

This tygglof^utput/input Energy ratio computation is 

, no( the measure of agric()(tural production, quality, value 
or efficiency. But it is l^ing held up by many asjust such a 
measure. For example, Mr. Clark (5) m\X\r\^^$^thsonian 

'states^"lt takes as much energy to run U.S. tractors as is 
contained iFTthe foodjjrodUced. Soipe expert^ wonder how 
If^gwe canjceep this up/' Since when wasagr'culture to be 
JO evaluated? Kbw^teUt coffee Wj^fsTwould they care to 
go without coffee because less irtergy is harvested than was 



used \rx the hajrvest? Coffee has zero 'cne/gy^lue'-so the^ 
. ratio IS zero.- ; . ' v 

1q another example quojecf from a 2^72 meeting'of the 
A/pertcan Association for the Advaricement of Science jn 
^W^shington, 0*C., Rene J Dubos read t^is Statement. 
"Paradoxical as this may sound, ihere are many situations in^ 
which th6 modern -farmer .spends rripre industri&l Clones 
'than the ^ooti calorie^ he tecovers in the fortn of foofl. His 
caloric expenditure consists chiefly of gasoline for poWenng 
his equipment and' of electricity for producing chemical 
fertilizers^d pesticVJea ." * • 

StallemeQts such a^ this create improper and erroi^eous 
conclusions. '^Ir Dubos has , assumed situations to fit^his 
statement VJe can establish returns of 26 to 1 for slash ' 
pine, of 16 to 1 forajfalfS, of 5 810, even J 4, to Tfor cofh, 
etc.^lt IS also acknowledged that through certain f^edrng,^ 
slaughtering and processing regimes th^re are"^ insl6nces 
^ where thexoutput pnergy is less'than or equal to the input 
energy. But it is by design, by intent, not by lack of proper 
methods, procedures or programs. 

There is now anjl shall, remain-the "1 like it^ factor per- 
•taining ^o foorf^fifiergy is added to Certain foods in process- 
ing or in home preparation becau^ "we like it^etter" in 
cthe new condition. Some plants requirflln^uch more of this 
sort jgf input energy thao do others, potatoes, for example 
Although energy is input^d Jn, tbe processing of th'e potato^, 
none is added to the food value and man is here tracing fue 
for taste and*palatability^l^>till a third instance, the plantN 
tonverji energ^*wto-a^torm acceptable and useful to hve-, 
stock and poultry. For example^lfalfa fed to cattle foHcon- ' 
version to mjlk for use as food. Again i\}e eriergy^injiiget 

rffers because man wants milk not alfalfa. ' ' ♦ 

The most I'ogical inclusion offered at this po4nt istljat 
all aims and* goals should be considered, not just one superl^ 
ficial situation injetted for the sake of dramatizing a condi- 
tion. Man^ wants mod to be acceptable Wh in value and in 
taste. He is willing to trade energy to gam t^endf' ; 
' Another conclusion " can now be drawn concernfng»< 
energy and iqo6 The ehergy cos*t and the supply in the 
United States are suf^hently alarming «s to requife (hat a 
new element be added to 'decision making when pla^njng 
agricultural produdfion enterprises, namely: 
* Calculate the Overall's nerqy Budget 

Determine, at least approximately, the amounts' of energy ^ 
which will be required to produce a d^ired r^^ult. Tl^ien* 
make final decisions based upon econor^lics, energy avail- 
ability and returns, and upon humanity's ne^ds. 
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Potential Area&^ Energy Economy 
in/Agriculture 



The next few years can and must bring new ene/gy ' 
technology to agriculture There*^e many possibilities pa 
*the initial step of determining tha energy budget which* 
must be done for awareness. These pbssijDilitiesSnclude jm- 



qroyed ncise<Df solar energy by plants, recylcinig of-manures 
terwrgy irrigation wafer, solar energy 
for crop' Bfympi^Blgp ^^gjj i^togjt^ wastes, sub- 
stitution of coal, great savmgs irrsjjmSi^ill^QtQ^ water 



; ' . ■ ■ 

heating energy, solar energy powered cooling systems, im- 
proved tillage methods, reduced energy for transportation, 
new(^ production/harvesting technology resulting in less 
energy needed for processing and lovZ-^nergy pest control 
methods 

.Table 6 

Fuel Energy Required for Crop Production 
as a Function of Tillage System ^ ^ 



J 



^ Tillage System 


Fuel Required 
Gal /acre 


% Saving 
Over Conventional 
Tillage 


Conveotionaf. 


4.8 


0 


Reduced Tillage^ 


3.55 


26 


4plow print 


3.30 


31 


Chisel Plow 


3.00 


36 


No Till 


0 85 


82 


Notei; Example is for corn production, pesttcides were not 



considered »n the energy requirements 

Table 6 C(/ntains informatfon indicating that the tillage 
» systems selected for varfpus crops should be reconsidered 
X\ with energy values m mind Jjh^data inTable<7 fpff^Tupon 
/transportation alternative^ and make clear some definite 
/ choices in thiVarea ^ 

\ ■ . . . 

' - ' - . Table 7 - ' J " 

Ratios of Output to Input Energy for Selected Crops and 
Considering Only the Digestible Energy Value in 
V ^ the 0»lput Material 

4 • (Data from Reference;^^ 



m : 

t . 


Digestible Output 
Ratiq Total Production Energy . 




As Feed • 
))or Cattle 


As Food ^ 


Alfalfa 

Corn Kenpef^ 
,^Whear 
Napia Grass 




[ 10.2 
'6.9 

r 

3.8 
9.7 


. 5.9 
. 7.0 
3.9 . ' 


^ Solar energy adaptat\( 


)n^4o agricultural^nergy field.- 



a$ weH as forhomes, meritsijgecia! attention. At the start of 
last^ear thes^we^p 138 solar heated structures in the vyorld 
of which 85 were In the U.S.A., according to W. Shurcliff 

'of Harvard. .During 197& an a^ditiofial solar heated 
homes in tjU'e if.S.A were' started or are now corhpleted. 
This report is fVom ERDA?The entire industry is develop- 

* ing, for exampl^, the Solar. Energy Industfy Associetior) lists 
50 equipment manyfact^urers, ipcludmg Grumman Aero 
space, vvhich recently announced a solar water heater gelling 
for 5700. Solar home heating equipment is also moving up 
»n sales volume yvith costs for a 2;000 square foot home de 
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TableB 

Conversion Factors for Energy in Agriculture 



To Obtain 


Multiply 


By 


Catones 


Btu 


4 


Btu 


Kilocalories 


4 


Lbs 


Metric Tons 


220P 


* 

Acres * 


, Hectares 


2.4/1 


Sq. Meters 


l^ectares 


10000 


Pounds 


Kilograms 


2.204 


Btu 


Joules 


1055 


Btu/A 


MJ 


383 




hm2 





! Table^-^' 
Enejgy Requirements of Transportation 
I for Agricultural Products 
(Data frOiTi Reference 1} 



Transport Mode 



BtuiT( 



"on'Mile^ 



Pipeline 


450 . 


— .Barge " 


. 680 


Ra»r 


670 ' . 


Truck - 


' 3.8qo 


Air) 


42,000 







Creating from $5,500 to $4,500 ERDA predicts tha^he 
sun will provijle 7 percent of United States energy Uy the 
year 2,000 and 25 .percent by 2020 
* This percentage" IS low. A more necessary and attainable 
goal IS 5 piercent^y 1985 and 10 percent by the year 2,000 
Reference tacertain energy uses in the home and in agftcul-' 
ture shows a potential for shifUng 2,5 percent of the na 
tron's energy to solar ''This valu^ is suggested as obtainable 
if solar energy t^kes over for water' heating (1.0 percent), 
space heatir^*(l,2 pefcent) apd agriculture (.3 percent) of 
the nation's energy percentage values. It is recognized that 
the 3 percent from agriculture means shifting to solar 
about. 13 percept of the energy used in production agri^cul^ 
ture. This can be athieved with attention to 'drying, fertil- 
izers and livestock poultry environments and to direct solar 
energy, indirect through methape gas and improved photo 
synthetic conversion of carboji ^itJ5<ide to bionrwss which 
would then be used for energy. • 

Some drying should^edone with coal as another alternar 
tive The u$e of naturahgas because it is clean, etc. must be 
alteredc^^as is needed fo{Jertilizer. 

In some locations and instances chemical fertilizers 
could t>e replaced at least in part by better management of 
animal manure The use (Jf^sewage sludge or effluent is also 
af)bssibility and is being studied.. 

>n the^cai^ of fvitrogen in particular,. an incwased use of 
legumes as a natural source-wprke^Tnt^ the crop rotation 
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systerK-must receive renewed consideration. Also, over- 
appttcations must cease-better placement and/or timing of 
application must also receive renewed attention, along with 
seeking'the right combinatiohs of water^and fertilizer to in- 
crease yields while lower energy inputs. 



Although agricultural production energy alone is com- 
paratively small It should be combined with processing 
(as a system) with a view toward^ a sizable decrease in energy 
requirement Then a tower level of processing is very*much 
in order for America's future. 
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AGRICULTURAL POLICY INFLUENCES ^ 
ON ENERGY USE IN AGRICULTURE 

John O. Ounbar 
Purdue University 



In this ctiscussion, I am going to review our basic agricul- 
tural policies and changes made to fit our current situation, 
then analyze the influence of theH^ changes on energy use 
in agriculture apd the challenges they present. Hopefully, 



this perspective will help us determine the highest pay-off 
tn our research development and education programs con- 
cerning energy use in agriculture. 



Our Agricultural Policy 



The long-run'^ goals of American agricultural policy are, 

1. To provide ever- increasing quantities of food for our 
growing population, improve diets, provide food assis- 

> tance to underdeveloped countries and p[ovide foreign 
exchange, * , ' - 

2. To provide food ^t low cost to the American con- 
sumer- through continuous improvements> in tech- 
nology and efficiency all along the food chain. 

3. To maintain farm incomes at a level comparable to. 
what farmers' resources and talents would pay them 
jn other occupations. 

4. To conserve natural resources required for food^vo- 
duction — soil, water, natural gas, petroleum, and 
others, ^ , 

5. To maintain the commercial faoiily farm m rural 
America asVn institution through which labor, manage- 
ment and ciapital arcT applied to the landlfor efficient 

* ^low-cost food production. 

Institutions and programs in support of these goals include: 
. • A large, sophisticated syster?^ to providie up-to-the-'" 

minute information on supply) price, and marketing 

conditions 

« An elaborate road, railroad, water and air transporta- 
tion iystem 

• A, system of cooperative agricultural research sup- 
ported by federal and state govemrrient to unlock the 
s^ets of nature, improve techpolosy and develop 
management systems for efficient and economical 
production of food and fiber - 

A highly^ effective cooperative extension education 
system which provides specialist and county agents 
to H«lp farmers and agribusiness managers adopt new 
technology quickly and profitably' 

* A responsible farm credit system to supply the, f lac- 
tuating, growing capital needs of agriculture 



* A whole system of price and income support, market 
^ development and production adjustment programs 

desigixed-to keep farm incomes tft -socially acceptable 
levels and (maintain a strong growing productive agrl- 
cultural^plant J 

* A free choice system in which farmers, input suppliers, 
processors and distributors can freely enter into new 
ventures, apply new technblogy,^ trade freely and seek 
new nriarkets for their products with - control of 
monopoly, support of cooperatives 

Public interest anh support for these goals ebb and flow 
with changing economic conditions.- For example, from the 
early 1950's until 1973 farm production was increasing 
faster than demand and farm policy e'^forts were directed 
toward solving problems of chronic food surplus, maintain- 
ing faun price props, and disposing of surpluses. We retii^ed 
60 mtllidyt acres from agriculture. There was plenty and th& 
relative cost of food was declining steadily. Consumers were 
concerned with communism, Vietnam, and the environ- 
ment but not about food. 

Public support'for research, development, and extension 
education to increase efficiency in agriculture was hard to 
maintain. - ^ . • *> 

In 1972-1973 the situation abruptly changed. There was 
a 7% short fall in world production of food and feed grains 
in 1972-1973 caused by drought in Russia, India, Australia, 
South Afrjca and Asia. Then came the energy crunch, with 
a shortage of LP gai for crop drying and natural gas for 
fertilizer and agricliltural chemical production. A poor U.S. 
crop in 1974 and a poor crop in Russia and west Europe in 
1975 kept the pressure on food supplies. 

' With an inelastic demand for food,'COupled with double- 
digit inflation, fdbd prices skyrocketed. They made ffont 
page headlines. Food, agriculture, petroleum and fertilizer 
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suddenly lotned mflatioa and the envirorvment as mam 
topics of concern. . « 

With U.S. petroleum reserves dwindttng, agricultural ex- 
ports took on new importance. Efficiency and our competi 
tive advantage in world food production had suddenly' be- 
come highly significant factorV in acquiring foreign cur- 
rencies with which to buy "liquid gold" petroleum. 

These forces have brought major chan^ in emphasis*in 
agriculture policy. We are now: 

• Emphasizing full production and aburj^ang^' > 

• Recommiting ourselves to food 'exports tb nations 
with hard cash ' ^ 

• Ptroviding food for aid in Jess developed countries (1 5 
billion IS our 1975 commitment) 

• Cornmitting ourselves to assist in rebuilding world 
food reserves 

• Reemphasizing freedom from government restraint 



Farmers have brought 30 million acres back into produc- 
tion and we are talking about our capacity to bring still 
more land into crop production. Private industry has ex- 
panded fertilizer production facilities, oil al^ gas explora- 
tion and developrjent. Government funds for research have 
been expanded in energy and agriculture. The USDA and 
Agriculture Experiment Stations have shifted research fund- 
ing to these problems. And the extension service has r,e- 
emphasized its commitment to agriculture. 

To achieve our current goals, we will have tb increase 
farm output more rapidly than the 2% rate of the past few 
years. This in turn will take large increases of inputs, 
specifically fuel, fertilizer and pesticides produced frorri 
petroleum and natural gas. Of the total energy used in the 
. US. the agricultural sector uses 13%^^tly over 1/2 of 
this 1^ for direct farm production,^hiiremainder for market- 
ing, prqcessitig and distribution^ 




Table 1 

Estimate Energy CdnWnption in United States Food and Fiber Sector 1960 
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Assumptions: 1. CurrSht trends m output and input use to continue 

2. Distribution of total Btu by fuel type would be the same as in 197 1 

3. Sar^e quantity of energy per unit of output in 1980 as in 1970 

Source The United States Foo<fand Fiber S^tor Energy Use and Outlook prepared by ERS, USOA for United States Senate Corunnittee on 
Agriculture and F.orestry , Committee pnM, September 20, 1 974 

, / • ; 



Influence on Energy Use 



The majof influence of all these cn^ges' comes to bear 
on the ^xpoft sector of agriculture anmarily in demand for 
production of raw products which^pn be manufactured into 
food, livestock feed, textiles in {importing countries. In* 
fluences are also felt in crops usirfc large amounts of petl-o- 
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ieum for production. Major crops affected are wheat, rice, 
cotton, tobacco, soybeans, and corn. 

Domestic demand has been growing only sHghtly faster 
than the>population increase. 

In the short run there is* no way to get the increased 
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total food production needed without increased energy. 

To farm' increased acres'^and increase efficiency, farmers 
havfialr|ady purchased much new farm machinery. This will 
take more diesel fuel, but less gasoline. Increasing intensity 
and crop yields will require more fertilizer, pesticides, and 
herbicides. This will require more natiitfal gas. Drying larger- 
quyittties of gram will take more LP gas. Increased trans- 
port will take more dieset fuel. 



In their excellent article on "Energy and the Food Sys- 
tem" John and Carol Steinhart estimated that tt takes 
nearly 1(y calories of energy ^subsidy to the food system to 
obtain one additional calorie of food.l Ifarts energy subsidy 
has grown at the rate of about 1 to 1/2calories per decade 



l"£nergv Us^^the US Food Svyem, ' John S, Stemhart and 
Carol E. Stanhart. SctMce Migainw, Apni 1974. 




Figure 2 

Farm Output as a Function pf Energy Input to the 
U.S. Food System, 1920 through 1970 
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* Figure 4 

Energy Subsidy to the Food System 
Needed to Obtain 1 Foocf.Cilorie 
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(Figure 4). Their stucties also indicate that each addjtional 
unit of faop output in the aggregate requires a greater than 
proportionate increase in energy input (Figure 2), Figure 1 ' 
shows energy input^to the food system in relation to food 
energy consumed m the U.S. As the number of man hours 
of farm work has decreased (or as the productivity per man 
hourofwprk in agriculture has increased) total energy input 
to the food system has increased dramati^:3lly (Figure 3). 
Their data also show that^smce about 1960, energy rtequjred 
to replace eaph additional hour of farm labor has steadify 
increased. 

Our food and fiber system has had about a 4% annual 
growth rate in energy needs, about the same as for the en- 
tire nation. The fncreas< in on-farm energy used from 1950 
to 1970 was 73% (Table 21 Grand total of energy used in 
the food system increased 92% in the same period. 

About 25% of the enefgy used m crop production goes 
into exports. ' 

Exact increases in nua"^ntities of fuel associated with 10% * 
increase in production at 4he margin for any of our.export ^ 
crops are quite difficult to determine and I do not have 
good estimates. Clearly, however, these magnitudes -wiiHSe 
substantially greater than the average annual increases ^iurin^ 
the past decade if the increase in production is to come 
from increased output per acre." It will be sijgnificantly 
greater tfian the average requirements per unit of produc- 
tion in. 1975, ^ Ik^ 

Each additional unit of food production will require 
more ^energy than the previous uni^ This will remain true 
until we have either a^o*jor breakthrough in technology 
which provides' more output per unit of energy or we are 
able through research and development to create and apply 
a large nun/^ber of small improvements in efficiency of ' 
energy use. 



Table 2 

Energy Use in the United States Food System, Kilocalories 
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information waibaswAjpOf^ '&<icr9y Use m the U S Food Sytiem," John 
S Siemhaft and CafOi 6 Ste»nharirSc/en« April 1974 



Challenges We Face 



The S«arch for Energy Efficfency 

These new demands to increase food proAjction, coupled 
'with growing scarcities and the certainty of higher prices of 
crucial ^troleum and natural^ gas present extiting chal- 
lenges to all, of us who produce and deliver scientific infor- 
mation. They may be even more challenging to ^hose who 
deal in the world of profit ^nd loss. 

I $^e no way 'to secure the increased food output we 
must have by replacing today's technology with oufmoded 
' production techniqiies or by giving up the labor efficiencies 
securedthrough^agricultural mechanization systems. Rather, 
the increase wilfhave totjome from either greater physical 
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inputs or more effective use and managemem of present in* 
puts and new technology. 

We have no choice but to expand our efforts to secure 
less energy-intensive methods of production to reduce the 
scarce gasoline, diesel fuel. LP and natural gas per unit of 
outpTit: And we wil! havp to work on ^11 scientific fronts: 
• Biological, for example, to attach mtrogen-getting 
bacteria to the corn root to reduce nitrogen fertilizer 
requirements { 

This would cut down use .of» scarce natural gas. 
This alone could reduce the energy required fofigrow^ 
ing corn by 30^40% (Table; 
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>. iTsbte 3 
Energi for Corn Production 

15' 



ousand K-Cal/ACRE 





1954 


1^70 


Nitrogen • . 


227- • 


941 ' 


Drying 


ctc\ 


^uu 


'•Machinery 


oOU 




Fuel , ' 


340 


340 


Fertilizer, Chemicals, Seed 


. 92 


200 


Transportation 


' 45 


• 70 


Irrigation ' ^ 


27 


34^ 


Labor 


9 


5' 


Tojtal Input i 


1100 


2210 


Total Output (Parens = bushels/A.) 


4133 (41) 


8165 (81) 


Output/Input 




'37 



Source Gerald Isaacs. Purdue Energy Conference of 1973, 
Purdue Ervrgy Er^gin«ering»Center, page 137. 



• PKysical, ^ example, solar grain drying 

• Chemical, ^for example, to find improved, lower cost 
pesticides for use with various crop and tillage systems^ 

• Martegement, for exJmple, to determine more profit* 
able, lower cost^combinations of resources of all kindT" 
(tillage, drying, pest management, "Machinery, etc.), 
for the production of crops and livestock 

This IS especially true for large input items such as 
fertilizer, tractor and crop drying fuel whose use may 
^ be related directly to crop yields. 

/ To do this, we will have to increase the manpower in 
research, prpduct development and' extension programs at 
*more tban an annual rate of 2% or 3%. To successfully 
meet the new demands we wiJI have to double, triple or 
even quadruple the resources devoted to energy-related 
problems in producing crops, especially those for export. 



Conclusions' 



In conclusion, our problem of rebuilding food stocks 
and maintaining exports is clear The seriousness of declin- 
ing petroleum and natural gas supplies and their "higher 
prices is real Both are headline news. The public knows > 
about them and is vitally concerned, vyhat the public does 
not understand is the magnitude of th& scientific break- 
through necessary \o both increase farm output, and do it 
with less petroleum and natural gas They understand still 
]ess the manpower and cost required to achieve these break- 
throughs. With public attention focused on food and agri* 
culture more intensively than any time in tRe last 25 years, 
right now is the time for us to redouble our efforts to 
secure its .support for increased scientific research and 
educatioa,^ ^ 



*To do tl>rt' we will have to pool our best brainpower 

1^ Determine which research offers the biggest potential 

public payoff ^ 
2. Recommend priorities 

S.^elp. the public to understand this problem as well 
^ as It understands putting a man on the moon 

o 

We will have to articulate these potentials to agricultural 
leaders, legislators and congressmen so clearly that they 
can secure the support of the genera[ public for them. And 
we will have to formulate requests for additional funding 
^support in concrete, clear, concise terms acceptable to legis- 
lative finance cdmmittees and agricultural support groups. 
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Energy, environment, and equality are among the most 
popular terms ^er adopted by virtually every individual in 
our society. Production, population, and pollution represent 
a similar triplet of commonly used terms for fashionable* 
conversations and also multi-disciplinary research and ex- 
tension activities. In retrospect, overwhelming attention 
and emphasis were directed to these areas over a short time 
frame and much of the glamor has not yet sub$ided,i^ow• 
ever, aJHodi cations are <hat at least the technically based 
topi<2 will represent high priority and fertile work areas for 
a long time. 

Recerttiy, many opportunities for funded research in 
wast* management and energy have catalyzed increased 
activity, and, thus, technological advances. Initially, major 
efforts were cjirected toward characterization work and then 
$tat»-of-the art investigations which were soon followed by 
the development of many simple but necessary solutions. 
Long term commitments to these areas have allowed develop- 
pSent of maoy competent programs integrating expertise 
from many discipline areas, which has established the frame- 
work for Inn^^tive ideas currently being developed as a 
result of continuing efforts in basic work areas. It is this 
innovative phase that is so highly sought but is md^ difficult 
to perceive and expedite. 

'Although many articles have been recently- written on 
^ehergy ^iConservation in agriculture, very little attention, 
has been directed to energy rdmificationt of livestock pro- 
duction systems. The information dearth that exists con- 
cerning energy relationships of various production systems 
makes it difficult to sedjre bapkground information for" 
comparison. Currently, research plans on solar ener^ utili- 
zation for livestock^ production systems are being invited" 
fbr a cooperative ARS, USDA, and state agricultural experi- 
ment stations ^program (Reece a/., 197^. Basic objec- 
tives ard to develop methods and deterr^e the technical 
and economic feasibility of using solar fenergy fqr heating 
and cooling of livestock faojljtias, therebl reducing the use 
of energy derived from petroleum and eleqricity. 



Solar energy systems tor heating and cooling buildings ar'e 
already well developed, and the number of solar heated 
buildings is expected to increase to several hundred t^iis 

. year. Among the advantages of solar energy is that such 
energy greatly exceeds our annual rate of consumption, 
is perpetually available the worlc^ over, and most importantly 
free. Although solar energy has many advantages, there are 

^ several disadvantages that have restricted its* use to date, 

* which are basically the large collection area needed and 
storage requirements. Inherent problems are that solar 
energy is diffuse, thus, large«collector surfaces are needed^ 
to absorb such energy; and because solar energy is inter- 
mittent, efficient storage is mandatory. The cost Of over- 

. comir^ these two major disadvantages has in the past made 
solar energy more costly than fossil fuels. 

Total U. S. oil consumption is IT' million barrels per 
day.- Gross estimates are that 30% of all oil is used for 
automobiles and 15% for all agriculturally related activities, 
whereas only 2-4% is used at the farm level. Introductory 
statements in the Cooperative Solar Energy Utiliza'tion fot 
Livestocl( Production Research Plan indicate that the major 
energy requiring livestock systems are: 

ni poultry, which require 140 to 170 million gallons 
. of liquified petroleum gas (IPG) annually for 

^ he;ning of shelters; S ' 

(2) swind, which consume electrical energy requiring 
about 41 million gallons of oil; 

(3) the milking phase of dairy production, which 
^ uses electrical energy requiring 243 million gallons 

of oil. ^ ' 

It is observed that if solar Energy could be used to replace 
50% of the energy used in livestock production, about 220 
million gallorfs or about 5 million barrels of oil could be 
savM annually. 

Major objectives of this project are: 

(1) conduct proof'Of-conc^pt studies to determine 
the feasibility of solar enei'gy utilization in liv^ 
stock facilities; 
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(2) develop design dbrameters for solar collectors for 
th*e most economic and efficient use of solar en-, 
ergy in hvestQck production systems, * ' 
{2} explorfe the use of solar energy to facilitate the 
handling and drying of livestock waste. • 
Second generation studies based on initial cesults will be 
develpped to optimize the use of solar energy in the most 
promising livestock systems. This optimization process is ' 
outlined as, • , 

(1) economic analysed of solar energy as a substitute 
for conventional energy .sources, 

(2) development of computer simulation modeb to 



permit study of a large number of combinations 
* or condUioris, 

(3) design of solar energy collection and storage equip- 
ment fOr specific application tq^Jivestock shelters 

J and associated waste management systems; 

(4) coordination of solar energy us6 in livestock pro- 
duction with advanced techniques for energy con " 
servation 

Urtimatfely; full scale, solar powered livestock production 
units Will be developed to demonstrate the commercial 
'feasibility of solat^energy utilization m thf^livestock industry 



State-Of The»Art 
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The U S. Senate Com^nittee on Agricultural and Forestry 
in January this year requested CAST (The Council for 
Agricultural Science and Technology) to prepare a report on 
the potential for energy conservation m agricultural produc- 
tion. This report,^ Number 40 dated February 6, 1975, pre 
tedeseartiei report, NiWnber 14 on "Energy in Agniculture." 
also-prepared by CAST The latest report,, "Potential fi5r 
Energy Conservation in Agncultu/al Production," (CAST, 
1975} concluded under the livestock section "In the area 
of liveMock production, studies of lljQ, use and potential 
conservation of energy are generally lacking." 

Substantial amounts of the grain produced in the United 
States are fed to anTmals Hence, a large portion of the 
energy used for gram producticfn directly supports livestock 
production and indirectly hum^ nutrition. Data' in the- 
CAST report show that the energy in crop residues of corn,, 
sorghum, and wheat i$ approximately equal to the energy 
in the gram. Feed cost-effectiveness and utilization efficiency ~ 
could be increased lay making more extensive use of these 
feed resources, thus, a number of innovations irT forage 
and hay handlmg methods as well as refeeding of manure 
have developed m the last few years. 

^Environmental contjol of animal housing for more^ effi- 
cient use* of energy has resulted in improved utilization of 
feed and healthier conditions for livesto<;k. Annually,, ap-^ 
'proximately 3 bTUion broiler chickens, 115 million turkeys, 
and 300 million replacement pullets for egg production 
are reared in the United States which require heat dnergy 
,for the brooding phase of production. Approximately 140/ 
to 170 million gallons of IPG or the equivalent of about 
15 X 10^2 Btu .are us% annuaHy because about 40 to 50 
gallons of L^G are required .per lOOQ birds for brooding. 

Approximately 100 million swine are produced an- 
nually m ^he lilted States, which requires about 3 x 10.^2 
Btu's of energy for the f arrowiy and brooding pliase. This 
heat energy is currently derived frorh 6oth electricity and 
LPG.7 

A#otfrJ.5 X 10^0 Btu's ire used annua[ly in dair^^ pro 
duction to cool milk, heat water for cleanmg milking equip- 



ment, and for space heatmg of milking facilities Approxi- 
mately one-halj of this energy is m mechanical form, de- 
rived from electricity, for cooling mjlk. 

'The current Cdoperative Energy Research Program Plan 
observes that almost all of the heat energ£ consumed m. 
poultry and swine production is used at a temperature that 
can be .achieved with relatively low-cost ^solar collectors,* 
Therefore, if solar energy utilization werc^coupled with 
advanced techniques of ener^ conservation and utilization 
m poultry and swme production, pcpliminary calculations 
Ceferenced in this energy research plan indicate that eco- 
nomically feasible systems could be developed which woujd, 
produce essentially all U.S. poultiy and pork products in- 
dependent of petroleum energy sources It is further ob- 
served that the energy consumed m dairy production is 
at elevated temfperatures that will require advanced solar 
cofllfctor technology However, solar collect6rs now un/ter 
development using thin film, selective surfaces,* and con- 
centrator systems make possible th^ visuajization of solar 
energy systems for dairy production. 
. Waste management must «lso be considered in energy 
utilization and conservation plans for livestock production 
facilities because waste management has become an 
tegral component o^ the overall system and waste repre- 

, sents potential energy. Waste«^anagement needs are having 
significant impact on ^e design of housing units as em- 
phasis/is being placed upon envii'onmental control for in- 
creased animal performance and waste management schemes 
necessitating increasedjenergy requirements for ventilation, 
collection and transport, pretreatment^and terminal manage- 
rtrent Attention must be placed on waste utilization rather 

/than degrad^ative prelreatment pursuant to disposal because 
waste represe^its a v^lftble resource, whether used simply 
as fertilizer or inputed into more elaborate schemes as 

• methane generation, refeeding, and reprocessing. Waste 
management systems emphasizing utilization and, in fact, 
land recycling also^satisfy the no-discharge regulatory Criteria; 
thus, positive impetus for implemyitatioh,of utilization 
schemeiexists. 



The CAST report noted that. "Environmentafcontrol of 
animal housing for more efficient use of animal ^leat has re* 
suited in improved utilisation of feed energy and ^lealthi^r * 
conditions for livestock. The effort continues to find alterna- 
tive ways that may give better energy utilization to obtain** 
optimum environmental conditions." .* 

The "poultry industry was the first commodity interest 
to recognize and seek to change th6 environment m which 
birds and eggs are produced. Most early efforts in reduang 
energy consumption in broiler production were directed 
toward improving the bird and its diet while efforts directed 
toward housing and associated equipment came later In the 
^ Southeast, the bird and its environment ))egan to receive 
attention in the late 1950's with the major objective being 
to redi^ce broiler and egg productio/j costs. The basic ap- 
proach was to make the poultry house more comfortable 
or desirable through the use of adequaJe insulation and 
controlled ventijation wTiich also allov\^ed^an increase in . 
bird density. Through the years, the m^or objective re- 
named the same.' but various degrees of controlled environ- 
Wnt have been investigated and used ' x 

Layers » - \f 

The electric power consumption and costs for ventilation ^ 
with layers on the floor were determined m the early 1960's. * 
when this wa&the prevalent housing scheme (Driggers. 1965). 
Data for two pole-type construction houses with insulated 
roof and sicfewalts are summarized in Table 1 . Housfes had 
roasts over a dropping pit in the outside sections, and birds 
were allowed access to the floor in the center. With the 
waterers and feeders positioned on the ro6st. most of the 
droppings went directly into the collection pit. Both housesS " 
contatfted about 8.000 birds and total fj^n capacity was 
equal The cost per bird difference shown in Table 1 is 
primanly due to ihe numbe^^ of fans in eaci^vhouse. There 
were 19 fans in House #1 and \2 fans iitHoh^ #2. Al- 
though the totalrcapaclty was about equal, dperattng costs., 
are different due to the lower efficiency of smaller 



Livestock Production Systems 
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Table 1 
Layers on Floor ' 
^Electric P'ower Consumption and Cost @ 1.5^ per KWH 
\fQf Tot^l Enclosed Houses with Equ^l Total 
Ventilation Capacity. *1 963 





Power 










Consumed 
(KWH) 


Total Cost 

<^ . 


Cost/bird 


KWH/bird 


Houje#1 










(19 Fans) 


34.515 ' 


$517.73' 


6.47^ i 


4.31. 


House #2 










,^(12 Fans) 


25.394 ' 


$380.91 


4.76<^ ' 


3.W 



^nergy consumption and costs in a. totally enclosed 
caged house w<gre investigated in*Nor\h Carolina as early as ' 
1^69 (Driggers. 1971). Ppvyer consumption ' data, for the^ 
housing of 30>^55 birds on September 7*. 1969tat 23 weeks 
of^age through their laying penod ucjtil,Novembei^28. 1970^ 
are recorded in Table 2. . * * « 

Energy costs of 9'8< per bird hogse^ (T^ble 2) vigfe con- 
sidered reasonable because; at that time eggs were 33 to 3e< 
per dozen, and it certainly did not tak^ many eggs to pay 
electric pt)wfir "costs. The n\^jor cost w^S for ventilation, 
and yet this repres^ted less than the value of two eggs per 
bird housfed. Mechanical vent'ilavon is ajisolutely necessary 
in jj/ide houses sucKas this jto obtain tlje required air flovtf 
near the^^er during summer months.l.l^s. when a com- 
mitment IS made to place Vour birdS m"ia 12" x 18" cage. 
mechanicaHentitation.ii essential. \ 

Energy cost^ for conlmercial layers n three t^pes of 
houses in ^fQJfth Carolina were ^ater ^stidied to compare 
bo,th cost- and performance of commercial* layjsrs grown m 
different type units (Driggers and Harwoojd. 1971 ). 
, A mechanically ventRate'd unit (House #1 ). eva'boratiyely 
cooled, unit (Hbuse #2). dnd a conventional Cahfornia-type 
ffd laying house (House #3) were evaluated. House #1* 



TaWe 2 

* * ' Caged Layers ^, 

Electric Power Consumption and Co^ts @ 2eper.KWH for Totally 
Enclosed. Automated and Mechanically, Ventilated House. 1969 




Equipment for House #1 
(Mechanically Ventilated) 



Feeders & Egg Gatherers 
Fans 
Lights 
\ Pit Cleaners 



total 



Power Consumption 
KW-HRS * 



15.160 
68.280 
38.980 ' 
27.060 



149.480 
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Cost^ 2 



' Total . 



$ 303.20 
136J5.00 ^ 
779.60 
541.20 



$^989.60 



was^the one previously studied and reported on in Table 2, 
House #2 was identical to ,House #1 in cc^truction and 
equipment, except that this unit was equipped with evap- 
orative cooling. House #3 was a 10' wide qomfentional 
cage laying unit ^ith curtain sidewatis and no ro^i^anical 
ventilation, automatic feeding, or^gg gatherers^ouse #3 
had no insulation, whereas House ^^ and #2 we?fe cfea> span 
structures with urethane insulation in both/he sidewaUs 
and ceiling Both House #1 and ^iouse #2 nad mechanical 
pit scrapers for manure removal Houses #2 and #3 were 
located on the same <#rm, while House #1 waslocated m 
another community ^ 

Total costs for the three houses are summarized tn Table 3 ^ 
with energy included in overhead. Data indicates that more 
eggs were produced per hen with a lower percent under- 
grade and^ss feed input m the met:hanically ventilated 
house arc, in fact, the total cost per dozen eggs produced 
was the smallest. Although data for the evaporatively cooled 
house indiOt^s somewhat better economics than the con- 
ventional house, high m-house humidity during the s.ummer 
period resulted m very uncomfortable conditions. Results of 
this study were very instrumental in directing efforts m 
North Carolina toward totally enclosed mechanically venti- 
lated livestock production units ^s the most cost-effective 
in spite of the additional energy inputs because of inc^a^d 
production resulting from the controlled^intliouse environ- 
ment. Even though there are no comparisons or replTcations, 
this backgroundjype data shows that. high density, totally 
enclosed mecharfically ventilated houses represent an eco- 
nomical production unit. In fact, mechanical ventilation 



**^0ay be more ^onomicalHin^most^ cases than tliftsSg^alled 
conventional house because production generally declines 
in either extremelyi:old or hot weather, and thus fluctuating 
egg production is eliminated 



In 1969 vvork was initiated by Driggers in North Carolina 
with a comn^ercial producer to modify an existing building 
for caged brooding of chicks At the time of this study, 
caged brooding was in its infancy, and thus the major 
interest was to secure background data A major reason for 
caged brooding is that birds that will be laying in cages 
should be brooded m cages, and also a unit of labor can 
manage more birds in cages than on the floor Ideally, the 
study unit was not the best, but it was one of the firSt to 
be constructed in North Carolina The house was converted 
from a floor system, andthe approximately '3/4" of styro- 
foam rn both thV walls and ceilings was not sufficient for a 
house rec^Uiring a brooding temperature around 90 *F Addi- 
tional fans v^ere installed, and the production strategy 
changed from approximately 1 5^00 birds on floor to about 
25,000 chicks in cages. Additionally, an oil-fired'hot vyater 
Circulating system for heat was installed over the cages. 
Waste does not have to.be rer^wed daily by the pit scrap- 
ing system because of 4tie<^Tmited quantity produced by 
baby chicks, 

Eriergy costs for'this house represent background infor- 
mation for this brooding methqd (Table 4) Fuel data was 
not available so fuel costs are not included in the column 
under heat. Therefore, cost or kilowatt hours indicated 

I f 




* Table 3 ^ 
Commeraal Layers 

rf ormanc6 in Three Types of Caged Houses for Ab<i(ut 
^ V\ One Year Laying Period. 1920 





(House 1) 


«(House 2) 




, .(House 3) 




Mechanicajly 


Evaporatively 






Ventilated 


Cooled 


Conventional 


'^i^l-^ ^- ■ 


Farm B ' 


' Farm A 


Farm A 


^st per dozen eggs produced* 






$.164 * 


* l^eed 


'$155 


$.157 


Labor 


.01-1 


.015 


\ .035 


Miscellaneous 




.009 


. Q13 


* Hen depreciation 


.0J69 


.083 


.092 


Ov^rheSd 


^ .031 


.032 . . 


.007 


Tbtal 


^0 


S296 


s$.3l1 


• ' Number hen houses 


^ 30,555 ' • 


30,945 


13.305 


Percent livability 


81.6 


77.4 


64.5 


Eggs per hen housed 


190.3 


181.0 


167.9 


Fe^ per dozen epgs (lbs.) 


^ » '3.715 


■ 905 


3.951 * 


ndergrade eggs (Percent) 


6.7 


13.1 


11.4 
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Table 4 
Caged Brooding 



Electric Energy CorfSumption and Costs for 25,000 Chicks, 1970 





Power Consumption (KWH) , 


J « 

^-Cost ^ 


2^/KWH 


Period 


F^ns 


Feeders 


Lights 


Heat 


Total 


Total ' 


Per 1000 Birds 


1/70-3/70 
3^0'5/7a 
5/70-7/70 
7/7d'9/70 
12/70-1/71 


1033 
i084 
2138 
2944 
738 


233 
286 

191 ^ 

236 
198 


' 2558 
1$61 
1820 
1872 

•2173 


979 
638 

79 

57 
871 ' 


4803 
* 4869 
4228 
5109 
3980 


$ 96 06 
97.38 
84.56 
102.18 
79.60 


$3.84 
3.90 
3,38 

. 4.09 
3.18 



under heat is strictly for tho^^ergyVequired to operate the 
boiler burner and circulate hot vyater through a piping sys- 
tenv over the cages. Birds in tj^is house were brooded for 
^ approximately 9 weeks and then removed to a grow-out 
housebefore being.placed in a laying house at approximately 
20 weeks of age. 

The fuel costs would certainly have been less in a totally 
- enclosed house with proper insulation. However/ the electri- 
cal energy costs per 1000 birds was judged to be reasonable, 
although total energy costs during co!ci,periods wojjld -be 
"higher due to fuel requirements which could not be, evalu- 
ated in this.study. ^ i 
* 

Broilers * 

Today tfte use of environmentally modified housing in 
the broiler industry lags similar advances in laying units by 
some 5 to 10 years. Tests were run during 1973 and 1974 
at NCSU to examine the influence of housing techniques 
on energy consumption for broiler production (Baughman 
et aL„ 1975). Two, 36' x 96' houses were investigated. One' 
unit.>§'as a conventional uninsulated house with dropped 
curtain s«des. The other' unit was enclosed and'insulated- 
resulting in an average^ roof and sidewaMs "R" value of 
approximately eight and had therrnp$tat really controlled 
' fans. Both houses had identical feeding and brooding equip- 
ment. The (^irt floors in oach house were divided into four 
equal pens^ 

Td date, three trials with broilers hav^been completed, 
and one trial with turkeys is underway. Broiler data for 
. averSage body weight, feed conversion and mortality are 
summarized in Tables 5 and 6. This data summary for the 
three trials indicates that statistically significant differences 
in average body weight, improved feed conversion and low- 
ered mortality can ftfl^^perted in environmentally modified 
houses. The following gain^m performance per lOOObroilfers 
would be expected teased upon the U^Sfs documented in 
these studies: 

1. 140 pounds more live broilers produced per 1000 
chicks placed. 

2. 130^ pounds less feed consumed per VOOO chicks 
• placed. 

3. 8 more broilers marketed pfr 1000 chicks placed. 
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Table 5^ 
Broilers 

Performance Data for' Conventional Versus 
Environmentally Modified Housing 

(Density .73 sq. ft./bird) 
(4^72 birds/house) 





Average 


Feed 






Body 


Mortality 


9 


Weight 


Conversion 


Trial ; Autumn 








Converrtional House 


4.34 


2.16 


3.45% 


Environmental House 


4.34 


. 196 


2.79% 






* 




Conventional House 


3.53 


2.14 


3.50% 


Environmental House 


. 3,78 




2.76% 


Trial 3 — Summer 








Conventional House 
Environmeotal House 


4.35 


'2.02 


3.00%^ 


'4.54 


2.00-^ 


2.40%*^ 



Table 6 

Performance Summary for Conventional Versus 
Environmentally Mo(|ified Hpfstng 
Summary of Trials- 1 , 2 and 3 
(Density .73 sq. ft./bird) 
. (13,716Birds) 





Average 
Body Weight 


Feed 
Conversion 


Mortality 


Co!iveotion*al House 


4.08 


2.11 


3.31% 


Environmentally 








Modified 


^4.22 


1.98 


2.55% 



Complete energy records were maintained for Trial 2 
which started February 5, 1974, and Trial 3 which ended 
on August 9, 1974. The birds in both houses were fed 
identical, ranlos.and were at the same densities. Energy 
consumption and cos^ projections are shown m Table 7. 
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Table 7 
fiaersy Costs ^ 

As of September 15. 1975 



LPG (4(k/gal ) 
Electricity (3</kwh> 
Feed (7tf/lb ) 



0.4362C/i000 Btu 
878^/1000 Btu 
1.176^/1000 8tu 



1 7309^/1000 kcal 
3.4863W1000 kcal 
4 667^/1000 kcal 



Results for the last two tnals are shown in Tables 8 and 9, 
About 4500 checks were parted in eachTiouse foKtrial 2 
. during the late wmtep^early spring,5vith the winter on973' 
74 being milder than usual. Live weight production was 
16.170 lbs 'for the coliventional house and 17,268 lbs.Jor 
the environmental house, resulting \fS over 1000 pounds 
more meat 5on 200 lbs. less feed and 300 gallons less LPG 
for the iKvironmental house Although the eltetric fequire- 



Table 8 
Broilers 

Energy Consumption 
Trtal 2 

Conventional House {16,170 pounds of bfrd live weight) 





Amt. 
Used 


Energy Used 
Btu kcal 
Miflions _^ 


Btu 
Ib^ 


kcal 
lb* 


Cents 
lb* 


% Total . 
Energy Cost 


LPG 
Elett 
Feed 


700 gal— 
1430,kwh 
34626 lb 

1 


64 
5 

206 


16 
1 . 
52 


3969 
302 
12746 


1000^ 
76' 
3212 


. 1.7316 
.2653 
14.9896 


10.2% 
^- 1.56% 
88.24% 


>275 


. 69 


17017 


4288 


16.9865 


100.0% 




EhvIrShment 


3t House (17,268 pounds of birdlive weight) ^ 




Used 


Entergy Used 
Btu kcal 
Millions 


* , Btu ^ 
Ib^ 


,kcal 
lb* 


s 

Cents 
lb* 


% Total 
Energy Cost 


LPG 
Elect 
Feed 


400 gal 
2933,kwh 
344341b 


37 
10 
* 205 


9 ^ 
3 
52 


2124 
579 
11869 


535 
146 
• 2991 


.9265 - 
.5095 
13.9586 


6.0% 

3.3%' ^ 
90.7% 


252 


04 


145«^- 


3672 


15.3946 


^00j)% 


•pe^ pound of bird live weight ' 

Table 9 ^ 
J Broilers 

Energy Consumption 

' Tr;at3' "* * ^ ^ - 
, Conventional House (19.91 1 pounds Qf bird live weight*) 




Amt. 
Used 

• 


Energy Used ^ ^ 
8tu kcal 
Millions 


. Btu 
ib\ 


kcal 
lb* , 


- Cents 
lb* 


% Total"^ * 
Energy Cost ^ 


LPG 
Elect 
Feed 


186 gal 
1129 kwh 
40290 lb 


12 
* 4 
240 


3 ^ 
1 

60 


62§ 
194 
12044 


158 
49 
3035 


.2734 
.1708 
» 14 1643 


1.87% 
1.23% 
96.9% 


256 


64 


M2864 


32.42 


14.6085 


100.0% , 





Amt. 
Used 


Energy Used 
Btu kcal 
. Millions ^ 


Btu ^ 
lb* 


k'bal 
lb* 


Centj 
lb* 


% Total 
Energy Cost 


LPG 


89 gal 




2 




99 


..1715 


. 1.16%' 


Elect ' 


3983 kwh 


.'.14. 


3 


655 . 


165 - ' 


.5751 


3,90% 


rteed 


414861b ^ 


247 


62 


11899 


2998 


13.9932 


94.94% ^ 







269 


67 


12947 


3262 


14.7398 


100.0% 



^^•f pound of bird ftvt welyht 
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nrjents were higher for the envir6nmenial house, the total 
JplMfoy used was less for thi^unft It is noteworthy tISat 
feed costs are a full cent per^pound.of bird predifced less in 
"the environmental house Tlrus, environmental houses show 
greatest advant^^es during cold periods due to less LPG 
'consumption and better feed conversion efficiencies, 

Data for Trial 3 (Table 9) c^nduc^ed during the summer 
showed that |he conver\jional house had a lovyer energy 
cost per pound «f hve bird, but. the difference was much 
less than for the (polder period tnaLAverage energy data for 
Trials 2 ^nd 3 (Table 10) show th|^ average costs for the 
environmental house for both^^^arm season and cold 
season period^re still over a half of a^en? per pound less 
' 'E^ctncal r|quirements forthe environmental house are' over 
three times greater tKah the conventional fans An overall 
^ net energy savings is achieved with the environmental hjpuse 
wit*i consistently larger conservation of feed and LP gas," 
along with the opportunity to produce more chickens per 
housing unit. . *^ * ^ ^ 

'It IS interesting to^ note Jhat in Koth tests and both > 
^ houses,, the mam and most expensive source of energy is 
feed This implies th^t continued e'ffort should be directed ^, 
at more efficient feed conversion and usip^ as [ixx\e feed as 
possible for heat energy X(f maintain body temperatbre 

/ Swine » 

A revolution in swine production has occurred in the 
Southeast during the last five yeSrs North Carolina has 



more large swine operations of 100 sows pt mor« than any 
other state in the nation The Swine Development Center 
at the, Upper Coastal PlairP'Research Station in Socky 
Mount, North Car6lina. provides an' excellent facility ^or 
demonstration of a total swine program emphasizing en- 
vironmental control This swine centerjs unique' in that it 
IS ^ cooperative effort of the^DivisionJii-^esearch ^tationv, 
N C. Department of Agricyki^feTtheN. C Agricultural 
Experiment Station, and the N C Agricultural Extensi_on 
Service, and particularly jhat it is operated as a^ommerci^l 
swine production facility (Di*iggers ef a/ , 1973) . 

Complete production apd financial sumrrianes ha^ been 
printed (Stanislaw et al , 1975), and th^ the emphasis jn 
this summary ,will be on electric energy and fuel heating 
coSts^P^e totally enclosed 16cAte farrowing house and 
the tSSliicenclosed breed ing-bdrn, which accommodates 18 
sows^Snd 9 boars, were equipped in April 1974 to measure 
the Electrical energy consumption in the two buildings 
The farrovltRg. house^is well insulated and mechanically 
ventilated /^fan at one end of this unit is used for under- 
floor ventilation, while'^the sicievv^n fan is li&d during 
warmer seasons when additional airfloyv h required (Drfg- 
gers, 1974). During the winter, this building is heated to 
approximately 70*E wirti a wariji air furnace. Supplemental 
heat^lamps are provi^d in the pig creepTarerfs. Durirtg the 
siip^mer, flexible ducts are attached tp the metal branch 
' ducts and a cool stream of condition'Sd air is direcfed into 
the front of each farrowing cra^e This zone air-conditioning 



Table 10 
Broilers 



Cot^vi 



Averaged Energy Consumption 
for 

, Trial^2and Trial 3 



• 


Amtl ^ 
Used 


^ ^ ^ Energy Used ' 
^ Btu kcal 
1 Millions 


6— 

Btu 
lb* 

c 


kcal ' 
lb* * 


.* Cents 
lb*' 


^ % To^tal 
Energy C<?^ 


LPG 
Elect 
Feed 


^ 836 gal 
255d kwh 
749161b 


11.' 

' 9 , 
112 * 


19 
2 
28 


2124 
2« 


535 
*61 . 

784 


' 9268 " 
- ,^2127 ' 
- "'14 5343 


^ 5.9%' 
J.4% 
92.>o 


198 


49 


548(r ' 


1380, 


15.6738 


100,0%. 


' ^ Environmental House (38,021 pounds of bird live weight) 




Amt* i 
Uwd , 


^ Energy Used 
^ Btu kcal 
^ Mifligns- 


Bt^u 
lb* 


kcal 
^ lb* 


««Cents 
IbV 


, — — , 

• % Total ^ 
EneiW Cost 


LPG 
Elect 
Feed ' 


489 gal 
6916 kwh 
75920 lb 


45 

. 24 
'114 


11 

6 , * 
29 


y79 
^20 

2*995 


297 
15£ 

755^ 


.514<^ 
.545K 
13 9775 


3 4% , 

36% 
93 0% > 


183 


46 


- 4794 - 




15.0376 


'100.0% 



*Pef pound (A bird live weight 
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system is intended to envelop the sow m a cool stream of 
^ir, rather than cool the enttre inside of the farrowing house, 
A 2-1/2 ton air-conditioner is used/ < 

Results for'the initial 12-rtionth period represent back- 
grbOnd data, which must be viewed in light of the fact that 
this total production facility h^s returned a continuous 
profit sfnce being 'placed into operation. Additionally, cost- 
effectiveness data derived from this pilot unit has been 
duplicated both throughout North Carolina and around-, 
the nation. {See Table 11.) ' • ^ 

Table 11 
Swine 

' Electrical Energy Consumption In An Environmentally 
Controlled Farrowing House and Breeding Barn 



P'^oduction 
Crtterta 


Energy jConsumption Ratio - KWH/Production Criteria 


Farrowing House 
Total Energy = 28018 lj:WH 


Breeding Barn 
Total Energy = 19703 KWH 


88 8 Sows 

202 Sows 
Farrowed 

1943 Market 
Hogs 


315KWH/S0W 

139 KWH/Sow Farrowed 

14 4 KWH/MarKet Hog 


229 KWH/Sow 
91 KWH/Sow Bred 
10 KWH/Market Hog 



Electric energy consumption m the farrowing house for a 
" 12-month period was 28.01 8 kwh During this period the sow 
herd averaged 88,8 pigs, farrpwed 2,27 litters per sow for a 
total of 202 sows farrowed and |943 pigs marketed. Thus, 
electrit energy consumption can be expressed as 31 5.52 kwh 
per^sow in the herd, 1 38.7 kwh peV sow farrowed, jor.t4,42 ^ 
kwh per pig sold. The most meaningful figure is the l4.42 
kwh per pig sold. Th% Jigure can be used to arrive at the 
total energy cost per pig sold at the local rate of 3.8^ per 

^ kwh or extrapolated to determine cost at a particular site. 
This energy requirement is jujllg|«6~to be most reasonable 

- because supplemental heat is generally provided in these 
type structures; and if insulation is not adequatj e^^ rger * 
amounts of heat per pig would be required. The cost for 
WG to operate the furnace in this building has dramatically 
increased during the last year, due to a doubling of costs 



. r 

from $194.88 in 1972 and $152.99 in J9>3 to $424.84 in 
1974.. ^ . . 

The breeding barn was designed'on basis of expedience 
with air-coliditionmg iiy^the farrowing house. Historically, 
this component has received the least apention, but actually 
is one of the most important in the total production cycle. 
When sows are farrowed continuously,^ it is impossible^td 
circumvent reduced conception during hot weather periods. 
Improved performance of the breeding herd has resulted in. 
conception rates of 90.4% in 1972, 87.2% in 1973, and 
93.3% in 1974. Therefore, for the past three years the con- 
ception rate of this herd has averaged-90%. Most conamer^ 
cial producers would be extre/nfely pleased if such a rate 
couid be achieved on a' continuous basis. Power consump- 
tion in the breeding barn for the previously presented herd-^ 
statistics, based on the electric consumption of 19,705 kwh, 
may be expressed^at 221.9 kwh' per sow in the herd, 90.81 
kwh per sow bred^ or 10.14 kwh per pig sold. 

The energy consumption of approximately 10 kwh per 
pig sold IS not an ^unreasonable figure if conception rates 
of over 90% can be maintained. Net farm income can be 
increased by appro xirtiately $7700 for each 10% gam in 
conception rates based upon a $40 hog market, corn at $3, 
per bushel, and soybean oil meal at $8 per hundredweight 
for a 90 sow herd. Therefore, a producer can afford to 
spend up to $7700 per year to ensure a 10% increase in the 
conception rate. This expenditure may be annual fixed or 
operating costs for better breeding, facilities, methods, and 
management required to obtain increased conception 
rate {Dnggers, 1975; Driggers et a/., 1975). 

Although the energy consumption figures obtained ^or 
the environmental c9ntrol units at the Swine 'Development 
Center may not be typical throughout the industry, they 
are represent tlve*of*hou$ing s>^stems rapidly gaining pr.o- . 
ducer acceptance. Additional field studies are needed at 
commercial enterprises so that^^fnfaningful estimates can 
be made of energy requirements and cost benefit^for 
this typ6 livestock production unit. Data retrieved|fo^te 
refutes many myths concerning the cost of controlled en- 
vironmental structures, and thus, D/iggers stresses that the 
question IS changing from "Can I *afford to control (ffc 
environment?" to "Can I afford not to control theenviron> 
ment of a livestock production unit?" ^ 



' Waste iVtanagemenl 



Waste treatment and energy conservation have become 
unanticipated synonyms which are gaming accelerated atten- 
tion from both the general public and trained professionals. . 
Tw|( forms of energy-rich materials in animal waste are 
j}itrogenous and carbonaceous coippounds. Recently the 
"new technology" of using aniuri^l waste as a fertilizer was 
reintroduced and has since gained wide acceptance. The 
conversion of waste organics to methane gas for subsequent 



utilization represents an energy conservation scheme cotn- 
rponlV practiced at sewage treatment plants where sewage 
sludge is anaerobically degraded to melhane and carbon 
dioxide. Manure refeeding represents an exciting potential 
for direct recovery of Waste nutrients. Production of single- 
cell protein, chemical extraction of nujrient rich materials, 
and even more exotic processes, such as conversion to oil, 
gasification, and reforming to building material lure public 
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anention. However, the principles or concepts used in^he 
treatment and utilization of waste ace generally well e$^al 
lished. Additionally, it is becoming apparent that a higher 
level or type of technology-must be employed to first seek 
solutions for pollution-related problems, and second to 
recover appropriate constituents of animal waste for reuse. 
It IS the application of these fundamental principles to this 
new starting material that is leading to a wide variety of 
simple and innovative technologies. 



Utilization Alternatives ^ 

The Simplest utilization scheme is to use the waste as it 
-exists or, dt some dilufed state Two further alternative 
processes are separation and conversion, both of which 
are dependent on constituent concentration for recovery 
efficiency 

The most practical and cost-effective waste management 
tcheme may be to circumvent pretreatment alternatives by 
direct land application using either mechanical techniques 
or animals on pasture. As an example, consider a 100-cow 
dairy which returns all of its manure and wastewater back « 
**^to soil-cropping systems. Assumptions include that 50% of 
the nitrogen and all of the phosphorus and potassium in 
defecated manure from 1 00 cows is available as crop ferti- 
lizer, and commercial fertilizer costs are about 304 per pound 
of nitrogen, 15<per pound of phosphorus, and lOtfper pound' 
of potash. Additionally, a lOO-cow dairy would generate 
1,916 tons of fresh manure per ^ear which would contain 
22,995 pounds of nitrogen, 5^475 pounds of P2O5 and 
*20,B06 pounds of K2O. Based on these assumptions, ferti- 
lizer nitrogen would have a^ value of $3,450, phosphorus 
$4T0, and potash $2290. Thus, the total potential fertilizer 
value for manure generated by a 100-cow dairy per year 
would be $6,150. Obviously, the real chatlenge would be to 
make optimum utilization of all of these fertilizer con- 
stituents. 

A recent paper on the utilization of manure from Texas 
(Sweeten &t al., 1974) reported that the demand for feed- 
fot manure in the last 12 rnonths tias reached an all-time 
high as a result of fertilizer shortages. In 1973 wFien^ Texas 
reached U$ peak feed cattle population of 4.4 million head, 
most of x\\e 4 million tons of manure produced, plus carry- 
over from previous years, was utilized on cropland by higj^ 
plains farmers. ^Today ,w|h Texas feedlots operatin^^ at 
only 56% of capacity, it is reported that nearly all manure 
is being handled on a steady-state basis and some even have 
* a MKcklog of orders. 

Although manure has fertilizer value, ahd thus represents 
an energy source, a considerable amount of work is re- 
quired to collect, stockpile and distribute animal waste. 
Collection requirements are estimated by Sweeten « a/., ta 
be 40,000 Btu per ton based upon observed machine 
operating times and fuel consumption rates. The amount of 
energy required to haul^and'distribute manure ranges from 
80,000 Btu per ton for a 5-Mile distanoj^to 120,000 Btu per 
ton for to miles. A summary of this data on a state-wide 



basis indicates that while the per acre energy saving is signify 
cant, only 400,000 acres of land could be fertilized with 
feedlot manure in Texas, which would resulL-in a total 
savings of 1.8 x fO'2 Btu/year. The estimated total energy 
ior production and distribution of all fertilizer used m 
Texas is about 52 x 10' 2 Btu/year. Thus, the energy saved 
by using manure is only about 3.5% of the total fertilizer- 
energy requirement of Texas. Nevertheless, manure can 
represent a significant energy saver in localized areas and 
such terminal management minimizes treatm|nt costs while 
complying with the most rigorous regulatory criteria. 
Separation Processes > 

Waste s^^ams composed of many components may have 
a higher value if a certain fraction can be separated or re- 
moved for further processing. This separation can be con- 
veniently subdivided into physical and diffusionat opera- 
tions depending upon the directive objectives. Physical or 
mechanical separation has been apphed to animal waste 
slurries using several appropriate unit^processes. Basically, 
the end product is the solids or heavy fraction of the waste 
input. Selection of the proper separator depends upon the 
desired product. 

Liqufd dairy manure solids have been separated and 
utilized to produce a fibrous buildir^kPftrd type materia) 
with var'ious degr^s of moisjture ^V^^^^ive efforts be- 
tween the Biological and Agricut^gHl^ineering and 
Forestry bisparttnent at NCSU. Dairy solids can be used in 
processes which- tolerate nrioisture'contents of 85% or more, 
such as direct Vefeeding with ensiled feed or wet process 
structural board. If these solids were dried, then a wide 
spectrum of technologies- could be investigated that range 
from particle board to fireplace togs. 

Ammonia hai»been stripped from waste solutions by ion 
exchange and diffusion. Both processes rely on high ammonia 
concentration and yield a much more concentrated fertilizer 
product. Basically, the goal of all separation processes is to 
selectively remove waste constituents with the highest in- 
trinsic value, Waste organics may be considered*more care- 
fully as'competition for fossil fuel and natural gas becomes 
keener. 

Conversion Processes 

Often it IS more advantageous to use chemical or bio- 
logic^ conversion prpcesses instead of phase separation for 
production or removal of utilization constituents. Biological 
converijon ^ocesses'are most often used due to tKe large 
microbial (Sbpulations naturally present in animal waste and 
because many of these reactions proceed without requiring 
elaborate controls. 

Biological conversion processes vary considerably in re- 
actor sophistication and operating requirements. The anaer- 
obic stabilization of organic matter with subsequent produc- 
tion of methane is one of the simplest, naturally occurring 
processes. Methane gas easily separates from thb liquid phase, 
thus yielding a usable fuel. If this process occurs'm a lagoon, 
the gas produced has been shown to be of good combustion 
quality because the methane-carbon dioxide ratio is very 
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similar to sludge digestor gas. but production rates are very 
low. 

Gas productioa at the optimum mesophilic range of 
about 9,8''F is about 15 times that for unconjlrolled anaer- 
obic lagoons receiving swme waste Heating may be accom- 
plished by solar radiation or by recyclrng 10 to 20% of the 
produced gas for fuel Results for a solar still type metKane 
generator at NCSU (Parker et al, 1974) operating in the 
mesophilic range for the fermentation of swine waste have 
shown that about 25 cu ft of methane can be produced per 
day when this 500 gal reactor is loaded on a continuous 
basis with the waste from ten 100 pound hogs If we assume 
that the United States, per capita use of natural gas is 60 cu 
ft per day, this reactor could supply about 40% of the daily 
individual needs Current problems with the bioconversion 
of animal waste to metharte are the handling and subsequent 
utilization of this gas 

Two fundamental drawbacks which restrict the use of 
mettiane is that it has a relatively low energy value of 7500 
Btu/gal , and nearly 5000 psi are rej^uired for liquification 
arid thus easy storage. For compar>son, propane, which 
has a Btu value of 92,000 Btu/gal., liquifies at around 250 
psi Consequently,, large storage require^rr^ts are necessary 
for methane utilization At 25% compressor efficiency it 
Would take approximately 1320 Btu to compress 25,300 
Btu of methane gas to provide^6,350 Btu of energy value 
Clearly this iytem is not very efficient because 21% of the 
resulting work energy is required for compression, while 75% 
of the available energy is lost as heat. 

Wethane has been used in tractors and automobiles. Gas 
bottles carried by such vehicles are often about 5' long by 
9" in diameter ( 1 9 cu ft ) charged to 2800 psi, so that about 
420 cu ft of methane is carried for the equivalent of about 
3-1/2 gallons of gasoline The most efficient use of methane 
would appear to be m stationary heat engines located near 
the, point of generation, such as compressors or generators. 
Two major reasons for this approach is that the engine's 
waste heal can be recirculated in digester coils to augnf>€nt 
methane production, and gas can be used directly as it is 
produced, eliminating the need for storage Correspondingly, 
the most efficient contemporary use of methane gas is at 
sewage treatment plants which use it as a fuel for internal 
combustion' engines that provide auxiliary electricity and 
waste heat^is utilized to maintain digesterj^tempe^atures at 
the optimum mesopl^ili'c range 

Many claims exist concerning energy potential of degrad* 
ing both animal ^aste and alt organics to methane gas. The 
publication entitled Methane Digestirs for Fuel Gas and 
Fertiliier <Frye, 1973) stStes. ;'So speaking generally, 
methane ga^ coovferted from eauly available organic waste 
could supply about 150% of the gasoline energy used by 
all U.S. farm equipment (1965), 7% of the 19/0 natural 
gas energy, and 2% of the total 1970 U.S. energy demands." 
this publication also indicates that the average per capita 
daily natural gas requirements of about 60 cu ft could be 
obt^ned from 10 pounds of chicken or pig manure per day,. 



which IS the equivalent of about 7 pigs and 100 chickens. 
However,, results of NCSU studies indicate that the waste of 
about 25 hogs would be required to produce this amount 
of gas. Nevertheless, somewhat corroborating calculations 
have been presented la a NCSU engineering periodical that 
if alt waste produced in the U S had been gasified, 700 
billion cu ft of methane would have been produced. This 
IS equal to over 3 billion gallons of gasoline But to keep 
things in perspective, this would only be 3% of the U.S. 
demand of 22 8 trillion cu ft of naturaj gas 

John Shgttleworth, editor publisher of The Mother Earth 
News in a December 1973 news release said,' "All we're V 
doing' witfi our digester ib^ speeding that cycle up from a 
time span of several thousand years to one of only 30 
days or. so Better yet, we don't have to go exploring to 
find our pool of energy. We can keep it right in tht back ' 
yard and tap it any time we want." 

Shuttleworth fvrHher states in this newsletter that "You 
can have your own methane generator in operation even 
before the first Commetcially manufactured units are mar 
keted A5yone with average mechanical ability should be 
able to follow these plans arid put together his own methane * 
maker from salvaged parts This will cost anywhere from 
$15.00 for a un^^t that produces enough gas to cook one 
meat a day to S3j000 for a system which will generate 
ejiough gas to run an entire household . heat, gas, lamps, 
refrigerator, stove, the v^orks." 

Converse (ASAE, 1975) recently stressed ^he need to 
look -at the net energy retrieved from manure utilization 
systems rather than only gross energy possibilities Assum 
tsg that about 45 cu ft of gas a day could be produced 
from the waste of a 1000 pound animal,' the Btu equivalent 
would be about 0 23 gallons of gasoline per animal per day 
and for 100, 1000 pound cows, about 23 gallons of gaso- 
line a day 

A 1000 pound dairy cow produces about 86 pounds of 
manure a day Probably an equal amount of dilution water* 
IS needecj to attain a slurry that must be heatetl from40'*F 
to 95 F which requires about QPOO ^tu or 0 08 gallon of 
gasoline Therefore, gross energy is now down to an equiva 
lent of 0 15 gallon of gasolineper animal, and some addi 
tional energy is required to punnp*?he water„mix the reactor 
contents, and transport wastewater. 

A 100 hp tractor needs about 1600 cu ft of gas at 
atmospheric pressure per operatinghpLir. If methane from 
manure is compressjd to 300 psi and pat into an 8 cu ft 
tank common on most tractors, this tractor would run 
about one hour. Therefore, a 1 00 hp tractor running for 1 0 
hours would require the daily gas production from waste of 
270 to 675 cows, depending upon net energy retrieved. 
Certainly,*livestock wastes are an enefgy source and as fossil 
fuels dwindle, it may be a valuable alternative if the right 
engineering research is undertaken now, 
Refeeding ^ ^ ^ 

"Wastelage" derived from the ei^sitmg of groljnd gras^ 
hay and manure has been successfully fed to brood cows. 
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and for several years a whole corn wastelage ration has been 
fed to finishing slaughter steers at Auburn University Latest 
, reports are that it is an honor to attend the annual recogni 
tion banquet featuring the best steaks in the Southeast 
Researchers with the Virginia and Michigan Agricultural 
Experiment Stations have been studying the suitability of 
poultry waste for refeeding One of the nations' large beef 
cattle feeding companies recently began to include substan 
tial pbrtfonsof feed derived from cow manure in the normal 
diet of its herd The U. S. Depa^ment of Agriculture esti- 
mated that the recovery of only one third of U.S animal 
waste fo*r use as feed wouM produce as much protein as 
IS contained in this country's total annua! soybean crop 
A group of engineers in Texas recently concluded that 
refeeding offers the maximum potential fo^ energy savings 
among waste management alternatives presently available 
in their state (Sweeten et al , 1974) The, energy saved 
by refeeding one ton of feedlot manure was judged to be 
equi!3]^ent to the energy required to produce one ton or 
1/6 acre of alfalfa m the western high plains area, less the 



energy required to preprocess the manure. Importantly,, 
freshl^Sp)l'ccted feedlot manure would not have to be 
pre-dned to allow refeeding St the 5% level recommended 
^as optimum when using manure as a substitute for roughage 
rather tharr^raini Utilizing manure for refeeding would result 
in more frequent collection and thus reduce odor p9tentiai. 
Feeding manure to range cattle could also provide the 
vehicle for ultiryiate disposal on pastures in contrast to the 
continuing need for terminal disposal with feedlot refeed- 
ing programs, ^ 

Symbiotic activity of algae and bacteria in controlled 
reactors allows maximum conservation of waste components 
because end products of bacterial metabolism are incorpo- 
rated into algal cell mass by the photosynthehc energy 
trapping mechanism of green plants In Taiwan, for example, /* 
the rqofs of animal production* units are used for algal 
propagation with manure-laderv wastewater as the culture 
medjum. Affluent water which ^^rickles^to the collect»on 
gutter is recycled as,washwater fCr this closed ioop reactor. 



Total Systems 

Waste management principles developed over the last ten 
years at a North Carolina State experimental swine unit 
have served as the basis for systems which emphasize utili 
zation by terminal lahd recycling Basic unit processes are a 
^)rimary lagoon with a floating aerator for odor control by < 
surface agitation and increased pretreatment, a secondary 
lagoon storage pond, and an irrjg^tion system for wastewater 
recylcing or land application These principles have been 
implemented at a 300 sow total confinement facility on a 
4^20 acre site adjacent to a new furniture factory and asso 
ciated development The original 1 1/2 acre lagoon was 
overflowing when this producer consulted the university 
Upon finding that only about four ^cres were^available for 
terminal larid disposal, he was advised that rriuch mop§ land 
was required tpr a no discharge s^lstem However, because 
additional land was not available add a large investment had 
already been made in production facilities, a demonstration 
project was initiated. The total treatment system consists of 
partially slatted floors which drain to a lagoon, with two, 
5 hp floating aerators for odor control by complete surface 
agitation with overflow to the original 1-1/2 acre lagoon. 
Additional pretreatment is also obtained by overland ffow 
of wastewater pumped from the Second lagoon to a 0.6 
acre are? which slopes back to this (agoon. A maruially 
operated 7>ermanent set imgationS^ystem is used to return 
lagoon water to the ijnderfloor pits for more positive clean 
ing and liquids prccharge as well as terminal irrigation to 
the 3 3acre receiver plot Acceptable no discharge is achieved 
with this extremely small terminal application acreage be 
cause of the approximately 99% pitrogfen removal achieved 



Approach 

in the aerated. unit wKich is gratifymgl/ much greater than 
our fondest expectations. Excavation and equipment costs 
for this energy intenSive's^stem during 1974 were about 
$11,000 and currents operating costs are about 50^ per 
feeder pig sold or about a penny per pound of product 
(Humenik et al.} 1975)/ 

The undercage waterwash and overland flow treatment 
system for caged layer wastes bejng investigated at NCSU 
(Overcash et al , 1975) represents an alternative to energy 
intensive systems for aerobic pretreatment and terminal 
waste management Wastewater from the undercage washing 
system is aerated and thus stabilized by natural flow over 
grass terraces. Effluent -from these terraces discharges to a 
small lagoon which ove/ftow^ into a large reservoir from 
which washwater is pumped with a low capacity pump to a 
storage vessel. Washwater energy is obtained from elevated 
sjorage* tank discharge, rather than direct pumping which 
would require a much larger hp m.otor. Thus, this waterwash- 
aerobic pretreatment system emphases energy conserva- 
tion by utilization of gravity flow with the exception of a 
Jow hp pun^p^or-washwater return. 

A vibrating screen-solids-separator fof the removal of fib- 
rous material from liquid dairy manure represents one of 
the most exciting utilization processes being studied at 
NCSU. These separated manure solicTsare being utilized for 
bedding and refeeding studies, in addition to reforming into 
fiber board The three-lagoon system at this site provides 
complete retention of rainfall runoff and v/ater from the 
terminaljagoon is recycled for washing. The first lagoon 
which receives liquid from the solid separator acts more 



like a swine waste'' lagoon after this fibrous, non-biodegrade- 
able material is excluded. Irrigation systems are^provided to 
pump waste from the primary lagoon for maximum fertilizer 
conservation or emptying of subsequent ponds to allow- 
adequate runoff storage capacity. ^ 

Many wet and dry waste handling systems now exist for 
environmentally controlled units and numerous innovations 
are being introduced Wet systems use water to reduce labor 
and facilitate transport, but they have the potential dis- 
advantage of increasing the amount of polluted water and 
energy requirements Dry systems, by contraM, decrease the 
waste volume to be handled Currently m-house techniques 
are being develtoped to provide the best method of waste 
nianagemeqt or utilization, and also to develop the best 
environmental condition for the animals. The underfloor 
ventilation system for houses with manure storage pits pro- 
vides a totally controlled environment in which air is 
unifo/mly exhausted from the manure pit. Moisture is 
evaporated from the floor, and gases and odors ^re ex- 
hausted from the buildmg before th^y can enter the animal 
atmosphere above the slats. As a result of initial work 
conducted by L B. Dnggers and implementation of a total 
t system at the Swme Development Center, over 300 new 
swine houses with underfloor ventilatiOn have been con- 
structed- in North Carolina during the last several years. This 
IS a growing example of the trend toward envirSnmentally 
controlled growing units currently being recommended as 
the most important for animal performance and controlling 
impact of an imal on the environment 



Economics of EPA Criteria for Waste Manaoement 

A stipulation of the 1972 Water Quality Act authorizing , 
EPA to establish affluent guidelines and Itmitations for ' 
feedlot industry was that the economic impact c^viese 
regulations would be considered. The 4nost recent and 
possibly best analysis of the economic impact of water 
pollution controls on the feedlot industries has been con- 
ducted under contract for, the National Commission or^ 
Water Quality. Very preliminary anal/ses of these data indi- 
cate that feecHots with over 1000' head of cattle capacity, 
which produce 16.3 million head, can control pollution at a 
total cost of $130 million, while the smaller feedlots pro- 
ducing 15.3 million head can provide an equal degree of 
pollution control at the cost of $580 million or 4.5 times 
the amount for larger feedlots. The cost^ead marketed 
year/unit abatement can be derived based upon two assump- ^ 
tions (1) waste production as is lineally related to-feedlot 
size and (2) all treatment facilities perform' at the same, 
efficiency or percent abatement level regardless of size. 
Such cost/head marketed/unit abatement ranges from $16 
for units over lOflb capacity to $20 for 500 to 1000 
capacity, $30 for 100 to 500 capacity, and $100 from 0 to 
too capacity. Thus, national resources are most cost-effective 
for large feedlots in that more abatement is achieved at a 
much lower expenditure. Such economic strata could also 
serve as a basjs fpr determining which feedlot should be 
permitted or considered as point sources Although this 
criteria would be quantatively associated as the arbitrary 
lOOO-animal unit cutoff specific^ m current law, the 
theoretical generating principle would be cost-effectiveness. 
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The energy conservation potential of insulating existing 
poultryj housesMs remarkable Potential fuel savings can be 
best iliustrated, using a typical broiler house 40' wide, 300' 
long, J' high sidewaHs, a roof slope of 5 and 12. The inside 
k temperature is assumed to be 70*F , and the outside temper- 
ature 5 F 

Example 1 For no insulation, heat loss is 1,490,b00 
Btu/hour, or is ^qufvalent to approxi> 
mately 20 gallons of prqpane per hour 

Exampje 2 For ceiling insulation with R = 8 rnaterial, 
the heat loss is reduced *to 487,000^ 
^tu/hour which is equivalent to about 6.6 
gallcSnsiof propane per hour 

Example 3: For ceiling insulation Wtth R' ' 

and sidewall insulation wtth R =8 material, 
the heat loss is further reduced to 1 54,000 
Btu/hour or the equivalent of 2.1 gallons 
of propane per hour. 

Thus, insulation can allow a tenfold reduction of heat loss 
for energy requirements. 



Simple Energy Conservation Tecfiiiiqu^es 



' 8 material 
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Heating energy can be further reduced in an insulated 
house if double brooding or zone liropding ts employed. 
For double brooding, chicks are confined to the center 
portion of the house to red uc^ the heating space until stock 
mdensity requires expansion to the total house. An adfli- 
tional 50% energy reduction over savings for just insulation^ 
can be realized if double brooding is practiced. . 

TfTe second major demand for heat is to warfn ventilating 
air. For each 1000 cfm the heat necessary to raise air 
temperature 'from 5°F. to 70V. is 78,000 Btu/hour*or 
approx4mateiy one gallon of gas. Thus, it becomes clear 
that for a well-insulated house, -the energy required to warm 
ventilating air exceeds heating needs. Therefore, ventilation 
must be kept to a rriinimum, and whenever possible, ventilat- 
ing air should enter from the attic. 

The third demand fo^r heat is to evaporate moisture. Gas 
heaters not ventilated to the outside produce about 6 pounds 
of water for every gallon of gas burn^. Approximately 
*1000 Btu must be provided for each pint or pound of 
water evaporated. Therefore, outside venting^ adjusted 
waterers, and absorbent^litter are essential to conserve heat 
required for moisture evaporapon. « 
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Conclusion' * 



Environmental control of livestock production uoits re- 
sults in overaU energy conservation and improved produc- 
tivity resulting in better long-term profits Implementation 
of simple* fhsulation recommendations or recycling of waste 
to l9nd as a fertilizer results in substantial energy savings. 
Adoption of more advanced environmental control tech 
niques. such as air-conditioning of breeding baiVis or waste 
washing systems require added Investment, but ultimately 
result in lesj cost, especially if energy intensive waste man 
agement systems are replaced by the most appropriate utiti 
zation scheme because more market animals are produced 
at lower energy and feed costs, and under better envrion-, 



mental conditions. Waste management procedures, whi^h 
emphasize utilization and terminal land ^plication of resi- 
due, have the added benefit of being' one of the most 
economical methods to achieve compliance with the no- 
discharge criteria. Actually, substantial energy_saj«n^s caa 
,be obtained^by implenjentation of relatively simple tech-* 
njquei while more sophisticated approaches conserv^ addi- 
tional energy,, allow use of different energy sources, an(J 
are most -cost effective in increasing productivity and con- 
trolling the impact livestock production has on environ- 
mental quality, 

if 
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gnculture, even in its most primitive form, encopipasses 
tho3^ activities of man related to the collection and storage 
of solar energy in a form such that man can use that energy 
for tthfi sustenance»*bf life processes' To carry out tftfese" 
activities, man most expend energy in terms of human labor, 
J and m the fossil er\ergy us6d in producing the supplies and 
operating machinery utilized by agriculture. Fossil energy is 
"In short sup'ply, ahd^many people are co'nqprned aboi^t the 



effect that restricted energy availability will have upon agri* 
culJtura! prod4ction^ This concern is a valid one. 

One measure ofj agricultural efficiency with respect to 
fossil energy i^ thej ratiO'of energy output in agricultural 
products to^he fossit energy input in agricultural activities. 
This would include j the energy associated with tillage, har- 
vesting, storage factrtties. machinery manufacture, fertilizer, 
seed production, ' pesttctdes, irrigation and drying. 



' * Figure 1 

Increase in Corn Viefds from 1945 to 1970 
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Heichel 2^/efers to these as cultural energy inputs as 
contrasted to the solar energy input There is also a signifi- 
cant fossti energy input off'the-farm In agricultural process- 
ing, transportation and food preparation These latter 
factors are usually cited as being the largest energy inputs 
into the total food chain (averaging about 76% of the tc^tal), 
however, they, are largely beyond the control of the farmer. 
The first group of factors are. however, under the farmer's 
control and as such have a drrect relationship to,yjeld and 
to production efficiency. This was pomted out by 
Pimentel {3) when he reported that corn yield increased 
from 34 bu/acre in 1949 to 81 bu/acre in 1970 Dviring this 
same time the labor per acre decreased from 23 man hours 
to 9 man-hours This increase m corn production is shown 



' in Figure 1 Similar increases can also be shown for othef 
crops. . 

^The relationship between energy input and increased 
yield IS a real one as illustrated by Stemhart {4). (See Fig- 
ure 2). Certainly no one would argue that a reduction in 
fertilizer input (a significant component of the energy input 
into crop systems) would not, in turn, reduce yield. This 
does not mean that inefficient engrgy utilization does not 
exist in agricultural production! It does And, agriculture 
can economize on its utilization of energy. However, a 
general reduction or one which restricts a particular prac- 
tice should be carefully evaluated, in terms of its impact on 
production. This is particularly true in view oT the world- 
wide situation relative to adequacy of fopd supplies . 



Figure 2 

Farm Output In Retatioriship to Energy Input Since 1920 

J? ^ 




ENERGV INPUT TO -FOOD SYSTEM ( lO'^Kcal ) 



Energy Usage Associated with Crop Practices 



The fossil energy inputs associated with any crop can be 
broken down rn terms of the energy associated with the'dif 
ferent cultural practices and the'fenergy required to mSnu 
facture^the goods and equipment needed by agriculture By 
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making JnefT^n analysis^ the effect of alternative practices 
on the total energy requirement or the perceptage of the 
total associated with any selected practice can easily be 
evaluated: ' * 
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Machinery Usage (Tillage, Cultivation, Harv^es^ipg) ^ 

For most farms one of the major fossil energy inputs is 
that associated with the operation of agriculturaf machinery' 
Information on the gallbns of gasoUne used per acre m vari- 
ous machinery operations was compifed by White (5) This 
inf^mation m terms of kilo-calories per acre is presented in 
Tables 1, 2, and 3 in the Appendix. Fonmost operations, 
values are given for "low," "average," and "high" ener'gy 
requirements. The difference between the three vaKjes is 
attributableao such factors as weather, depth of tillage, size 
of equipment, size of fields, topogra^ljy, etc ^ 

The effect pf alternative machine use practices on energy 
* usage can be seen by use of the information presented in 
the Appendix Tillage, for instance, is generally considered 
to be one of the high energy use activities In fact, it corre 
sponds to one of the peak energy demand periods in agri- 
culture, the other is for harvest and crop dryjng Consider 
three different lev^els of tillage for corn* ) 

1 Conventional tillage - plowing with a mqidboard 
plow, heavy disking, spring tooth harrowing 

2 Reduced tillage - disking of stubble 

3 NotiRa^ ' 

Conventional trtTS^e would require approxir^iately 149,000 
kilo calones per acre, reduced tillage 39,800 and no tillage 
zero To fully evaluate the energy saved by reduced or no 
tillage^ 4^e total production scheme would need to be con- 
sidered, *^or instance, no-tillage corn planting requird^s the 
use of a herbicide which represents aiV energy input and 
often extra fertilization is recommended Second, if yields 
are reduced, the energy input per unit of food would corre 
\spondingly Be increased When the energy associated with 
fbf;tilizer, drying and transportation are included, the differ 
ence in tillage method becomes largely insignificant Jince 
these three items represent by far the major energy require 
ment Conventional ttllage methods are usually less than 
tO% of the total Nevertheless, potential savings of energy ^ 
as hjgh as 80% when only the tillage, planting and harvest- 
ing energy requirements considerecj can *toe' realized 
through no tillage production systems If one assurxies the 
62 million atres-of corn grown for gram in the United Slates 
was all planted by no tillage techniques, more than 200 mil- - 
lior> gallons of fuel could be saVed. ' ^ 

Energy in Storage Faciiltietand M.achlnery Manufacture 

The actual j)roduction of facilities for storage, their erec- 
tion, and their operation also require energy Similarly, 
energy is used in thejnani^cture, distribution, and mainte 
nance of machinery These energy costs sl»ould appropri- 
ately be assigned to agriculture The energy associated witIT 
these inputs is not easy to.determpfie. Pimentel suggj^thaf- 
the annual energy input /gpresertted by the machinery re- 
quired for U S. corn production is 420,000 kilo-calories/ 
acre (J), In a somewhat different approach. Roller suggests 
an energy value f of' equipment based uj30n its dollar cost {6). 
The value he gives is 10,680 KCal/$. Using this value and 
applying it to the farm machinery cost over the^years of 



, useful life, a value very. similar to that of PimentePs is ob- 
tained Since the value given by Roller can be used for any 
tytie farm operation, its use is recommended. Similarly, 

^ poUer gives a value of 3930 KCal/S for the energy value in 
buildings. « ^ 

Fertilizer 

As indicated earlier, the fessil energy used m manufac- 
turing ferWizer represents one ot- the largest inputs into 
crop production, at least for gram crops such as corn. 
Pimentel recommends the following energy figures for 
fertilizer (J)' 

Nitrogen - 8400 KCal/lb 
Phosphorus - 1520 KCal/lb ' 
Potassium - 1050 KCal/lb. * » ' ' / 
These energy figures include production and processing, but 
^do not incfude -field placement. Similar figures for nitr6gen 
fertilizer are given by White (7); ho^vever, these values are 
substantially larger than those given by Heichel or by 
Blevin at this conference. The reason for the differences be- 
tween the various values is not fully apparent From the in- 
formation available, it appears the larger values were based 
on the overall energy inputs into the fertilizer rrranufactuf- 
ing industry and includes some mixing, transportation and 
auxiliary energy inputs. Since they appeared rpore inclu- 
s'jve, they v^ere the values selected for use in this paper. 

Seed Production 

The fossil energy used in seed production is quite variaWe 
depending upon the seed type, quality.and treatment An 
average recommended value for hybrid Cprn seed is 1800 
KCal per pound of seed {3) Converting th^value to a volu- 
metnc measure, one gets 100,800 KCal ^r bushel. It is 
recommended that this value be used for most sfeed types, 
however, for extremely small seeds such as that of tobacco 
and some vegetables, a^ higher value would be appropriate. 



Pesticides and Herbicides 

An average energy value for herbicide: 
1 iSfiO KCal per pound is recommendei 
does not include the energy required for ap^ 



and pesticides of 
This value 
on 
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Irrigation 

The energy assoicated with the application of water Jsy ' 
irrigation is reported as being large. Pimentel {8) considered 
the energy usage of^such magnitude that he recommended 
^that coVn production be moved from those regions where 
irrigatiofi is required to areas where adequate rainfall exists 
If, however, other crops were grown in the irrigated areas to 
maintain high food production and if those cro^jS were irri 
gated at the same level, the t6tal energy use for^ agriculture 
would not be changed. If irrigation is restricted in thpse 
regions where rainfall is not adequate for optiqjium cfrop 
production in an effort toxonserve energy, a dirtect reduc 
tion in crop yield could be expected. \ 

Art estimate of the energy use associated with.irrigation 
IS given by Fischback (5) He provides figures for both 
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sprinkler and surface irrigation, as show in Table 4 m the 
Appendix The- tabulated information clearly sho.ws that 
the use of electric power would be more* efficient than 
using internal-combustion typ^ powered units by a ratio of 
approximately 2 5 to 1 It also shows that surface irrigation 
requires less than 1/2 the energy required by ^rmkler irri 
• gation^liowever. moife water may be required when surface 
irrigating and this may reduce the differerrce between tha 
two methods Irrigation energy inputs cd^ld also be re- 
duced by more effective scheduling of irrigation applica- 
tion The present methods depend heavily on farm operat^ 
judgment, and they are not sufficiently , influenced by 
weather variables and probabilistic relationships relative to 
beneficial return for a specific amount of water application. 
Crop Drying 

In contemporary corn production, thg usual practice is 
the d;ymg of the harvested gram with heate^ air. In 1971 it* 
IS estimated 67 percent of corn grown m thj* five states m 
the corn belt was dried either commercially or on-the-farm 
With heated air In 1972 it was estimated thqt 75 percent of 
the gram was dried with heated air. Qr>^ is primarily 
clone so that the farmer can maintain more^Krol over his 
farming operation By having drying facilities he can harvest 
the crop over a much wider range of time and, since he can^ 
start harvesting earlier, the danger of significant crop losses 
due to adverse weather is greatly mmimizedAlt is estimated 
that 5 to 15 pergen^ of the potentiaPharvest is presently 
lost in the field (10) tn one st^dy a heavy storm m early 
November resulted in j^e doubling of corn* losses during 
harvesting, increasing the loss from 6 8 to 1 1.9 percent To - 
keep Iqsses to a minimum, ideally itfe gram must be re- 



moved from the field as'quickly as possible when the aver- 
age gram moistur^e content 'is 26% Drying is mandatory 
wjth grain harvested at such moisture contents 

Xhe energy associated with gram drying is directly related 
to the initial harvest moisture content since a higher mois- 
ture ^^tent means that more, water has to be removed The 
energy associated with removal of the various amounts of 
water can be computed by multiplying the pounds of water 
d to be removed, as seen m Table 5, by the values in 
Table 6 (//) The differences in perfprmance of the various 
types of dryers are not mlcuded in this calculation, however, 
for well designed dryers the error made by neglecting 
"equipment performance" wcfuld not be.lar^e A mor.e 
important additional enMjtv mput m drying would l?e the 
energy assobiated with tnBtperation of the electric motors 
for the fans and conveying^uipme^j^ For batch m bin or- 
continuous flow dryers this energy use is relatively small. 

, being 10 KCal or less per bushel per each poin^f moisture 
to be removed, le reducing the moisture content of a 
bushel of gra*m frofn 26% to ,16% (lO^fomts) with^high 
temperature drying requires about 3000 KCal of energy per 

> bushel. Three percent of the total energy with sucti drymg 
systepis'is the electric energy for driving the fans and con- 
veyer&y For low^emperature frying or natural air drymg, 
however, the fan energy becomes relatively large In fact, if 
comparatively moist grain is to be dried with natural air and 
the recommended air flow per bushef {3 CFM per bushel 
for^ram 10 poirits of moisture removal) is used, the energy 
usage for the^an motors wilt be virtually the same as the 
energy^for electriqjty and fuel for heated air drying (near 

, 3000 KCal per bushel). 



rnfluente of Cultural Practice on^Enerov Use 



The influence of cultural pr^lic^^ can be dramatic in' 
terms of energy input and y?ekj/Heich"^2) Reports that as 
little as 200,000 KCal/acre of energy^ '(npu^t occurs under 
subsistence peasant type farnrHn^^ere'an energy inpufc is 
in the form of .human energy He repojted yrelfis fcor^ul^ 
ture in Ghana),oi l,600.poy<Cal of i^t^^m§'pmuc^& 
for this expenditure, of energy Farmjfng witl^\915 horse- 
pulled equipment along with stationdrJlftnes increairf 
the yield to 8,000.000 KCal p^r ^crJ^Kn all^oderfl 
agricultural practices and equipment a^e uWfluie yield 
considering both the 'gram and fSHder is* increased to 
24.000,000 KCal per acre per year?^owever.^ a^'thls point 
5.000.000 KCal of energy is being expended pJr acre perX 
year. In terms of energy use efficiency the corn farmer^Using^ 
prirnitive%iethods does the best job with about fi^KCal pro- 
duced per unit of- energy input. Jhe modern tar 
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only 4 8 K^f per»unit of en6rgy input. Heichel { 12) further 
reports that w^hen irrigation is used the return dwps dra- 
.matically ta2 2 KC^I per KCal input, Thpugh thi$ suggests 
agriculture should" retuwi to the energy-efficient procedures 
of primitive farming, t^e difficulty is^hat because yield is 
so much lower unde/ su^K^technology, adequate supplies of 
food cannot be produced. . . 

Assuming ^hat in view of world-wide food needs high 
food output must be maintained, then moderrV agricultural 
techniques must be used Under this ionstraint' the options 
^are fewer; however, the oppbrtcmity for conservation of 
energy still exists. This can be illustrated b^ considering 
Several alternative production schemes.- Using corn produc* 
tion as an example and considering all inpyts.'one can note 
the energy use for five.^differ'ent cultural techniques shown 
m Figure 3. 



Figure 3 • ^ , 
Energy Usage by Various Agricultural Productioi>Schemes 
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A. Conventional Tillage, drying 10 points 

B. Conventional Tillage, drying 5 points 

C. No-tillage, drying 10 points ' 

D. No-tillag^ drying 5 points 

E. NO'tiilage, heavier f^tilization, drying 10 points 
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The analysis of alternative corn production schemes re- 
veals that different practices have definite impact on^ftergy 
usage. For the five schemes evaluated, the most energy 
efficient system (no-tillage with drying restricted to 5 
points moisture reduction) used 32% less energy than the 
least .efficient (no tillage, increasexj nitrogen fertilization 
and drying 10 points). 

One of the most significant factors of this anal^is is,the 
relatively large ^energy mput^associated with fertdizapo^ 
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This input accounts for approximatily^"6Q% of the total 
energ>^ input for corwentionaJ culture. ^fo-t^1taQe is fre- 
quently regarded as improving energy efficiency whelt^^qm- 
pared with conventional tillage culture {13)', however, if 
comparabte high yields are desired vvith nd tillage, approxi- 
mately 50 lb. more nitrogen fertilization is normatlVrecom- 
rpended. This is shown in Figure 3 as Scheme E. Though 
the energy for field machinery operations with no-tillage 
was less than with conventional tillage, the energy associated 
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with tKe increased fertilization mak^'the no-tillage opera- 
tion the nnost inefficient from an energy viewpoint ' , 

The next largest energy input is that as^sociated with 
drymg If heated air is osed and the moisture content is to 
be reduced an average of 10 points (say 26% to 16% by 
drying), th^n 295,000 KCal of energy is required. Reducing 
the drymg requirement to 5 points (21% to 16%). reduced 
the energy require'd for drying to 148,000 KCal In this case 
the impact-on field losses of allowing the corn to regain in 
the field until it averaged 21 percent as opposed to ^6 per 
cent needs to be corTsidered This added field drying could 
be expected to increase field losses by about 4% {JO) 
Assuming a yield'of 100 bushels pes/ acre, the energy in the 
lost corn would be equal to 403,000 KCal per acre This is 
2 7 times greatet than the energy saved by delaying harvest 
•If irrigation had been used (for example. 10 inches by 
means of sprinklers) an additional 376.000 to 1,463,000 
KCal/acre of energy would have been required This could 



result in a doubling of the total energyjTifiut ifhe potential 
for energy saving should also be appar^ftr For example,** 
with'conventional production, if agricultural waste could be 
used to replace one-half of the fertilizer, a savings of 440,000 
KCal/acre of energy might be realized ^ 

Similar analyses can be made of other agricultural opera* 
tions and various alternative production schemes to evalu 
ate the energy requirements for any desired crop of produc- 
tion systems Since the possible combinations are virtua,lly 
endless, no attempt was made in this paper to evaluate 
other tyfjes of farm operations, it is hoped. 'however, that 
the basis for such analyses has been presented To these 
analyses the effect on production {crop yield) must be 
evaluated so that the effect on overall production and on 
the energy required per un^jt^f production can be deter- 
mined This was clearly dernonstrated above m the example 
relative to increased field losses due to delaying the harvest 
to allow the moisture content to drop m the field 



Summary 



An attempt hasten made to quantify the on-faf;Tn 
energy inputs m crop production The inputs discussed in- 
clude machinery operati^^n (tillage, cultivation, and harvest- 
ing), energy in storage facrtities and machinery manufacture, 
fertilizer, seed productiori; pesticides, and herbicides, irri 
gation, and crop drymg Of these inputs, fertilization will 
often be the largest ^In an example with conventional corn 
production, the energy input associated with fertilization 
represented 60 percent of the. total energy input The 
second largest energy input was that associated vy-ith drop 
drying 

When analyses of energy input into crop production are 
made, it is important to analyze the total operation This, 
includes changes in' fertilization required by a change m 
machinery usage, effect on field losses, changes in V»eld and 
cKanges m product qua^it/ A system which has a low fossil 
fuel requirement (gasoline, fuel oil, etc.) may not have the' 



lowest overall^Wrgy requirement, particularly, when yield 
IS considered arroHhe energy usage is computed per unit of 
food produced 

Even with djHarge energy inputs discussed in this paper, 
the enefgy^^d in the corn at harvesf exceed? Jby several 
times the inputs As energy is adde'3 m off-farm transport, 
processing and handling this may cease tb be true, but for 
almost all crop operations the energy at point of harvest 
or on farm storage exceeds the energy required to produce 
the crop In this Sense agriculture is a producer of energy 
T&ther than a user of energy. It is important to remember, 
however, that agriculture is not practiced to produce energy, 
rather, it exists to produce food, a basic commodity of man 
Therefore, any reductions in the energy available to agri- 
culture must be weighed against the acceptability of-a*^^ 
potential decrease i^food production. 
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Tabid 

Estimated Energy F^equtrepiem^for Selected Farming Operations 



Operation 

• r 


kilocator'ies Per Acre* 


Low 


Average 


High 


« 

Tillage Ope^ions: * 




0 






Motdboard Plow 




'47,100 


94,100 


188.000 / 


Chisel Plow 


♦ 


29,000 


57.900 ' 


116.000 


Heavy Tandem Disk 




19,900 


39.800 ^ 


79.600 


Standard Tandem Disk » 










Plowed So^l, First Time Over * 




16,300 


32.600 


65.20(7 « 


Plowed Soil, Second Time Oyer 




12,700 


25.300 


50;70(i\' ^ 


Corn Stalks, etc 




14,500 


29.000 


57.900 


Spring-Tooth Harrow ^ * 




10,900 


21.700 


43.400 


Spike-Tooth Harrow , , i . 




7,240 


14.500 


29.000 


Field Cultivator 




li3,100 


36.200 ' 


72.400 


Planting Operiftions: 










Row-Crop Planter (with fertilizer, etc.) 










40- Inch Rows 




16,300 


. 25.300 


38.000 ' 


30-lnch,Rows v J 
Grain Drill 




21.700 


32.600 


48.900 




12.700 


• la.foo 


27.100 


Potato Planter - 




• 32.600 


. ^ 48.900 * 


72.400 


Vegetable Planter (Direct) 




32.600 


48.900 


72.400 


Transplanter ^ 




43.400 


65.200 ^ 


'97.700 


Crop.CultivatiofT: 










. Row Cropi, First Cultivatiory 




14.500 


21,70Q 


32.600 


Qow Crops, Second Cultivation t 




12.700 


18.100 . 


27.100 


Vegetable Crop*Culti\/ation . ' 




' * 19.900 * 


29.000 ' 


4^.400 


Rotary Hoe * ^ 




5.430 / 


9.050 


14.500 


Harvesting Operation}: 










CutterAir Mower 




14.500 


21.700^ 


32.600 


Mower-€onditioner {ptoj^ ^ 




23.500 


36.200 


54.300 


Mower-Conditioner (self propelled) 




34.400* 


50700 


76,000 


• 'Hay Rake 




7.240 ~ , 


10.900 


16.300 , 
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Table 1 - Continued 



Operation 



. Harvesting Operations: (Continued) 

^ Baler^Hay . ^ 

Baler. Straw 

Forage Harvester (flail-type) t ^ 

Green Chop \ h 

Ory >^ay or Straw 
Forage Harvester (cylinder or^flywheel type) 

Haylage/ <i 

Dry Hay or Straw 
s Ro^ Crop • ' ' 

^-Inch Rows 
'^Jnch Rows 
CombineK&rvester r 
• Small Grain 

Pea Beans and Sbybean; 

Corn. 40-Inch Rows " 

Corn. 30- Inch Rows \ 
Corn Picker 
^ 40-Inch Royvs 

30- Inch Rows 

Picker -Sheffe'r . 

40-Inch' Rows . < - 

c ♦ 
30-1 nch Rows 

Potato Harvester 

Sugar Beet Ht^rvester 

Vegetable Harvester 

Tree-Fruit Harvester (Sha^^er^^ 

Mitcellanaous Oparations: 

Row Crop Sprayer (each operatioij) 
Orchard Sprayer (each operation) • 
Stalk Shredder ^ 
Fertilizer 3preader (bulk, spinner) 
Anhydrous Ammonia Applicator ^ 
, Vine Topper (Beets. Potatoes) ^ ^ 
Pea Bean Puller and Windrower 
ori^e Blower , . " 
Dry Hay or Straw I 
^ Haylage or Corn Silage ' \ • ' 



> 



re'BlvU 



Kilocalories Per'ASre* 



Low 


Average 


Ht^h 


' 34,400 
21.700 


50.700 
39.800' 


76,000 
59,700 " 


^ 8 MOO 


^ 1 23.000 < 

ct 1 cnrp 
oi.oOu 


185.000 
' 92.30D 


/ 81.400 
36.200 - 

77 finn 
'"86.900 . 


123.000 
^ 54,300* 

\ MIR nnn 
£ 1 130.000 


185.000 
^81.400 

^ y * 

1/4.00(11^ 
195.000 / 


39.800 
43:400 
50.700 


59.70jl ^ 

65.200 


81.400 
, 90.500 
97.700 
114,000 


30.800 
^34.400 - 


47.100 
50.700 


70.600 
j6,000 


36.200 
43^400 
^ 52,500i. \^ 
50.7g0 ' ' ^ 
57,900 
95.900 


54.300 
65.200 
79.600 
76.000 
•86.900 
1 45.000 


81.400 
97.700 
119.000 
110.000 ' 
130.000 
217.000 


^620 " * 
18.100 
21.700 

5.430 
38.000^ 
50.700 
J 4.500 - I 


5 430 
27.100 
32.6Q0 

7^240 . 
57.900 
76.000 
21.700 


- 

41.600 
48.900 

^ 10.900^ 
' 86.900 

" 114.000 
^2.60^ 


19.900 
• 34.400 


29.000 
50.700 


43.400 
* 76,000, 



•To obtain futi n$quirem«ntt In gallons of^giwUne per ocnrBlvlde by 36.200^ For Diesel FuqI requirements^ divi<fe by 51 700 and for 
G*s. dMd. by 30.200, Figures do ^ot Include fuel required for hauling «»d» fertilizer, etc. to Jhe field. noTfor hauling the-^rvested crop" 
from the field. ' ' , . - - 
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Table : 

Energy Requtrtments for Farm Tractors 



y 

Hors4pow6r Class 
(iviax UDserved riu n r } 


Fuel Consumption,. 
Kilocalones/Hour 


Gasoline* 


Diesel Fuel* * 


^ 20-30 H.P 


140,000 


' 103,000 , 


. 40 59 Kt.P 


217,000 


150,000 


, 60-79 H.P. 


' 300,000 ^ 


207,000 


80-99 HP.' f 


393,000' - 


^274.00ih 


100-1^24 H.P. 




341,000 


1 25 149 H.P^ 




408,000 


150-174 H.P 




476,000 


175 200 H.P" 




543,000 



•Based on operating at approximately 75 percent of njaximum load. 



Table 3 

Energy Requirements for Hauling Farm Products 
from Field to Farmstead 



Commodity 



Corn Silage; Haylage, 
Potatoes, Sugar Beets,, 
Cherries (in water), 
et cetera 



Small Grain, Shelled 
Corn, Vegetable Crops 
Apples (in bulk b6xes) 
et cfetera 



Baled Hay, Straw,, 
et cetera 



Kilocalones Per Acre 



First Mile 



72,400 



14,500 



9,050 



Each Additio^tal Mile 



27,100 



, Table 4 

Energy Required for Sprinkler and Surface Irrigation 



Energy 


Energy Required/Acre 
Inch Water, K^cal/ Acre 


Surface 


Sprinkler > 


Electric 


16,400 


37,600 


Diesel 


40,300 


' 93,900 


L P. Gas 


64.000 


146,300 



Table 5 

Pounds of Water to be R^oved per'Bushel 



Percent Moisture Content 



Percent Moisture Ory^Grain. 



Wet Gram 


12 


14 • 


16 


18 


18% 


3.8 


2.6 


K3 


0 


2Q 


5 1 


3.9 


2.7 


1.4 


22 


6.4 


5.2 


4.0 


2.7 


24 


76 ^ 


, 65- 


53 


4 2 


' 26 


8.9 


7^8 


67 


5.5 


28 


102 


9 1 


80 


68 


30 


11 5 


104 


9.3 


8.2 


1 

■» 


Table 6 









Approximate Number of KCal Required Ptfr Pound 
*of Water Evaporated for Grain Dried at 
Different Operating Temperatures* * , 



5,430 



3,620 / 



•These figures are applicable for short hauls only, such as field-to- 
farmstead hauling, preferably not in ejtcess of 3 or 4 nntles. 



Moisture Content KCal lbs. of'Water 



Temperature 


27% 


25% 


20% 


100"- 120' 


. 340 


378 


403 


160"- 180' 


441 


441 


466 


180'- 220" 


4^1 


466 


554 



* Based on an ambient air temperature of 60* F 

1 * 
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Introductio 




. The production of satisfactory quantities of foodstuffs 
is ine^rably bound to the production and distribution of 
adecfuatequantitie?of chemical fertilizers - ammonia, urea, 
ammonium phosphate, and muriate of potash, to name the 
predominant fertilizer materials. Just as inexorably, the pro* 
rtion aj)d distribution of these chemical fertilizers are 
depdmtent upon reliable sources of large quantities of fossil 
fuel eiwrgy-natural gas, naphtha, fuel oils, byproduct hydro- 
carbons, or, to a minor extent, coal. 

Because of the extreme complexity 9! ou^^rrent energy 
crisis, even in a narrow field such as fertilizer production, 
exact analyses of current and projected energy supplies and 
requirement^ are extremely difficult; as a result there are 
many opinions and estimates and few hard facts. Never* 
theiess, an attempt will be made to provide energy con- 
sumption data for the i\a]or fertilizer chemicals on the 
basis of indiviAjal plant processes, as well as on current and 
short-term projections of total plant nutrier>t requirements. 
One of the ground rules used in this presentation is that 
the calculated energy consumption for fertilizer production 
is that which must be imported to an existing battery- 
limits fertilizer' plant. That is, internal energy transforma- 
tfons are not defined individually and only the net con-^ 
sumptioS (or production) of transferable energy is reported. 
This includes the energy, in fuel equivalents, of both pro- 
cess feedstocks and fuel; for example, the total energy re- 
ported for ammonia production by natural gas reforming 
comprises about 35% as fuel (burned in reformer) and 65% 
feedstod< ("cracked" in reformer). The "existing" plant 
approach is specified so as to avoW an assessment of the 
energy consumed in the construction of the process equip- 
ment and plants. Energy consumption in the form of human ; 
effoj-t and of plant deterioration is likewise not included. 

Before going into details of fertilizer energy cons(>mption 
and so as to give perspective to fertilizer energy consump- » 
tion data, some' statistics on the total energy forms and 
consumption in this <;puntry may be of Interest. A break- 
down of past and projected energy consumption patterns 
is given in Figure 1 (/). ^ 



Figure 1 

Estimated Projected Energy Consumption 
in the United States 




The data indicate that the rate of ihcrease in total 
energy consumption is about 3% per year, it wilt be noted - < 
and here is the lirst of numerous areas- of dispute - that 
the projected gas consumption fraction is somewhat higher 
for the future than at-present. Thesedata reflect the supposr 
tion that the greatly increased degree of onshore and off- 
"shore exploration will result in greatly increased produc- 
tioh-d sup^sitiqn that is thus far generally unsupported by 
current results. However, proposed importation of liquified 
natural gas (LNti) and the production of syfithetic natural 
gas (SNG) from coal could accdljflt for this projection. 
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The small bar o n the 1975 dai feline represents the'esti* 
mated t^tal agncultural system energy consumption up to, 
but not including, the food-processing requirements. This 
amounts to about 3% Of the total energy consumed {2. 3), 
It is little wonder that most of those cbgnizant of the 
general energy situation argue that a strict allocation of/ 



t^e total supply of energy-say 1% of the tota^l-could 
ensure a completely viable agricultural system. AlsprOriost 
of the mdustrial sector argue for deregulation of^natural 
gas at the well-head so. that increased exploration can be 
financed and that competition for natural gas as a fuel 
would be less intensive. 



Nitrogen 



General * 

About 95% •of all nitrogen fertilizer in the United States 
is produced from synthetic anhydrous ammonia. Much of 
the remaining 5% is also in the form of ammonium safts, 
generally byproduct ammonium sulfate from cooking and 
caprolactum operations. Past and projected consumption of 
nitrogen fertilizers is given in Figure 2 {4), These data will 
be ujpd^a later summary of total energy consumption for 
agriculture nitrogen production. 



Anhydrous Ammonia 

V 

Process Description^ 

Anhydrous ammonia is produced commercially by the 
Haber catalytic reaction of stoichiometrip quantities of 
relatively pure hydrogen (3 volumes) with atmospheric 
nitrogen (1 volume). In this process, the two gases are 
mixed, and compressed to the range 2500 to 5000 psig 
pressure where they react on a catalyst to form ammonia. 
An estimated 16 million tons of ammonia were produced in 



Figure 2 

Projected Agricultural Nitrogen Con<umption in thb United States 
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the United States in 1974-75 but only if million tons 
(70% of total) was consumed m 'th^ agro-system. The re- 
mainder was consumed by industrial users (explosives, plas- 
tics, etc). 

In the commercial versions of the Haber process, th^ 
main process variations relate to the manner o,f hydrogen 



production. There are basically three processes for hydrogen 
production, namely: (1) steam reforming of naturafgas-or 
naphtha (a light petroleum distillate), iiown in Figure 3- 
(2) partial oxidation of fuel oils* or other hydrocarbons' 
showrf in Figure 4; and (3) the gasification of coal shown 
»n Figure 6. 



Figure 3 

Steam Reforqiing of Hydrocarbons for Ammonia Synthesis 
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, Figure 4 

Partial Oxidation of Hydrocarbor^ for Ammonia Syntl^esis 
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Figure 5 

Gasification of Coal for Arpmonia Synthesis 
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The principal Jesired reactions that occur in the several 
processes are shown in the following tabulation (5). 

Tabulation A 
^Principal Raactions in Hydrogen Production from 
^ Gaseous Liquid or SoUd Hydrocarbons 
and in Ammonia Synthesis 

Reforming* * * 
A, Natural Gas (CataMicl 

CH4 + H2O CO + 3H2 

8. Naphtha 

2C7 H , 5 + 1 4H2O 1 4C0 + 29H2 

h 

•Partial Oxidation (NonQatalytic)* 

^» Fuel Oils or Coal )j 
CnHm + (n+ ^O^— ^C02 +f H2O 

CnHm ^nC02 i- 2nC0 +^H2 

CnHm + nH20 .-nCO + 1^ + n)H2 

Carbon Monoxide Shift Conversitn (Catalytic) : ^ 
CO + H2O "-H2+C02 

Ammonium Synthesis (Catalytic). 
3H2 + N2 "-2NH3 



^ The objective, of course, is to reduce the hydrogen coTi- 
tent of the hydrocl^rbon feedstock to free hydrogen and to 
crack the steam feed to free hydrogen by oxidizing the 
carbon to, carbon dioxide. Several states of reactors are 
* required to achieve this overall re§ult, asjndicated in tb£ 
tabulatipn, 

- The reformmg, partial oxidation and shift conversion 
reactions usually are carried out at up to 3(X)-400 psig and 
15001F, whereas *he ammonia synthesis reaction is at 3500 
to 5000 psig' and 950*F. . . 

Bnergy Requirements 

The total energy required for the production of an- 
hydrous a/nmonia - as well as any other fertiMzer - con- 
sists of the total energy required to produce and transport 
both the raw materials (feedstocks) and the various energy 
forms (steam, electricity, fuels) consumed^jn the process. 
Sonr^e diffieulty-was encountered In obtaining production 
ener^data for.alJ ammonia feedstocks, in fact, underground 
coal mining data (5) appeared to'be the only available data 
of this nature* Since underground coai mining operation 
should be-^ore costly, energywise, than production of 
natural gal, naph<ha. or fuel oils, the conservative approach 
was used in that this maximum raw material production 



9 ' * 

requirement waSfirb^irarily assigned to the other feedstock? 
on an equiv^ent 3tu basis* > 

The data indicated that the electrical energy required was 
only 19 kilowatt hours, or 190,000 Btu (33% overall gen- 
erating efficiency) per ton of coal (average, 24 x 10^ Btu) 
Transportation would add about 600 Btu per ton per mile, 
or 300,000 Btu per ton for a 500-mile hauL The tdtal 
energy expenditure to deliver 1 ton of subbituminous coal 
(24 X 1O6 Btu) Ts thus about 0*5 x 10^ Btu, or about 2% 
of th\e energy delivered* 

The total estimated energy consumption for the produc- 
tion of anhydrous ammonia via the various feedstocks are 
given in Table , I (7). The data indicate that the steam re- 
forming of naphtha and the partial oxidation of fuel oil 
require ^bout th^ same energy input as the reforming of 
natural gas and about 30% less than the gasification of 
coai* All, however, would be regarded as energy-intensive 
processes* 

^ It is estimated that the approximately 1 1 million tons of 
ammonia consumed by the agro-system in J 974 required 
0.378 X 10^ 5 ^quadrillion) Btu; th is is also shown in Table I* 



Table I 

Eslfmated Energy Consumed in the Production 
^ of Anhydrous Ammonia 





Normal 
units/ 
ton NH3 


Energy consumed * Btu 


Per ton NH3 


Per ton N 


Steam Reforming 

t^aturalgas(900Btu'SCF)/> 
Electricity 


38 MSCF 
20 kWh 

;* 


34 2x 106 
02x 106 


41,5x 106 

OSx >d6 
f- 1«. 


34 4 X 106 


41 8x 106 


» Total consumption ior 
1974 75 

U S jKOcKjctipn^ 


0.37§x 10^5 


Naphtha Reformmg 

Naphtha (19.000 Btu, lb)6 
Eteciricily 
Total 


089 tort 
25 kWh 


338x 106. 
03x 106 


41.0)^106 
'04x 106 


34 1 X 106 


41 4x 106 


Heavy Oil-Partial Oxidatioh 

Fu'eloil (17.50OBtu/lb)fc ' 
Electrtcity 

Total 


0 98 ton 
30kwH 


34 3 X 106 
0.3 X 106 


41 6x 106 
0.4 X 106 


34 6*106 


420x 106 


Coal Gasification 

Coal 111,400 Biu'lbl^ 
Electricity 
Total 


2 0 ion ^ 
235 kWh 


45.6 X 106 
. 24x 106 


55 3 X 106 
2,9x 106 




48 Ox 10^ 


58 2 X 106 



ERIC 



55 



'lncluc|inge$tinr)ated energy required to produce and deliver 

' raw materials, 

^Low heating value (LHV) 

^Eleven million tons NH3 per year,3gf o-system only 



GO 



Ured'is rapidly becoming the greatest Single source of 
solid nitrogen fertttizer tn the world. In 1967, urea produc- 
tion was abou|^?9% of total nitrogen production, in 1973 
it was'^bout 30% of the total (^). Its high analysis and lack 
of fire and explosive hazards'lcomparpd with ammonium 
nitrate) are largely responsible for its jjrowth. In the United 
States urea capacity is about equal to ammonium nitrate 
opacity (nitrogen basis), but somewhat less urea nitrogen^ 
IS consumed ui agricultur^, Ijt is expected that by 1978-80, 
urea capacity (nitrogen basis) will exceed a>Knonium nitrate 
capacity (4) Production and distribution post data show 
,that urea provides lowlT cos; nitrogen to' the farmer* than 
does ammonium nitra^e^ tn spite of the letter's production 
' energy consumption advantage (See section on ammonium 
nitrate,) An ettimated 3 million tons of urea ( 1.4 x '10^ ton 
nitrogen) was produced tn the United States for agriculture 
in the -4^4-75 season, about one-half of this was in the 
form of nitrogen solutions. 

Process DescnpVon ^ ' j, 

All commercial processes uiihze^the reactf6n of liquid 



anhydrous ammonia and the gaseous byproduct 'carbon 
dioxide from the ammonia production unit. As a result, the 
urea plant is always part of an ammonia complex. 

The overall chemical reaction is as follows 

2NH3 (liq'i^id) + C02 (gas)-^CO(NH2)2 (solid) + H2O Mvapor) 

Vhis IS ^ oversimplification, but is sufficient for this pur- 
pose* A simplified scjiematic flowsheet of a typical total 
recycle prilled urea plant is shown \n Figure 6. The reaction 
given above is endothermic and requires a significant input 
of thermal energy as steam to produce the solid prills. The 
conversion to prills, of course, occurs only after the approxi* 
mately 75% aqueous solution in the synthesis section is con* 
centrated m the evaporator to a 99+% urea oaelt at about 
275 F. In pddition, the indirect input of energy^ntensive 
ammonia ^significantly increases the energy "content"* of 
prilled urea. The reactor is operated in t|Te range of 2000 
to 4000 psig and 375 to 400°F, depending upon the partic- 
ular process being considered, in practice, a large excess of 
ammonia is maintained in the internal recycle loop to im- 
prove the conversion constant .and tp reduce corrosion. 



.Figure 6 

Schematic Flowsheet of a Total Solution Recycle Urea^Process 
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The reaction does not go to completion, that is, only 60 
to 65% of the carbon dioxide is converted to urea ma, 
single pass (with excess NH3) As a result unconverted 
ammonia and carborh dioxide must be stripped from the 
urea solution in several decomposer stages by heating and 
successive flashing to lower.,pressurft After stripping, the 
reactantsare recovered in the absorbers and recycled, partly 
as aqueous solutiQns'and partly as free ammonia, to the 
reactor for complete conversion. 

Energy Requirements 

As was previousl;^ indicated, the flowsheet presented 
here was greatly sipfpiified There are a number of modifica- 
tions to the total /ecycle scheme-too numerous to consider 
here except as p actua) or potential energy requirements. 
The energy requirfepfents are given in the following tabu- 
lation (7). ^ , 

^ Tabulation B 

Energy Requirements for the Production of Prilled Urea 



Btu X 106/tork prilled urea** 



Process 


Equi\felent* 
electrical 


Steaon'^ , 


Total 


Total solution recycle 


1.5 


2.8 


4.3 


^Stripping 


1.2 


1.9 


3.1 


Heat recycle 


^ 1.5 


1.4 


2.9' 


Hot gas recycle*' 


0.1*' , 


0.4 ^ 


0.5 . 



Average (proven) processe<i= 7.5 x 106 Btu/ton nitrogen 

#NH3 equivalent energy not included,^' thus, data are incremental for 
conversion of NH3 to ufea. 

'>At 10.000 Btu/kWh. assuming 33% overall efficiency in steam- 

electric generation. * 
<^Boiler efficiency. 80% 
^Unprqyen but theoretically sound. 

^Low because there is no cooling water or carbamate solution 
pumping. ^ 



The ammonia energy equivalent {().6 ton NHa/ton u/ea 
at 34 X 106 Btu/ton) was not incMed^Jn the data, since it 
would amount to doubfe entry in the final ^accounting of 
energy totals. Th^ data indicate that conver sioji of ammonia 
to urea is far less energy intensive than the production of 
ammonia' Itself 

It is estimated that conversion of ammonia to prilled 
agricultural urea (1.8 x 10^ ton) consumed about 0.006^ 
quadrillion (10^5)*^tu m 1974-75. while th^-conversion to • 
urea solutions (40% of total, or 1.2 x 10^ ton) required 
about 0.003 quadrittion Btu for a total of about 0.009 
quadrillion ^tu. 

AmmoniMm Nitrate 

Ammonium nitrate is still produced in greater quantities 
in the United States than any single nitrogen fertilizer ex- 
cept the ammonia from which it is made. However/ it Is 



becoming less popular in agriculture because of its low 
grade (33.5% nitrogen) and hazardous nature. When existing 
ammonium nitrate production facilities reach retirement 
there will be a strong tendency to replace them witl/urea 
pl^ts (See Section on urea.) however, there are some in- 
„ stances where ammonium nitrate is agronomically superior 
to urea, and ammonium nitrate also fits^nto the industrial 
--^secror (exp^sives). As a result, ammonium nitrate will 
pfobably always command some portion of the total nitrogen 
market. It is estimated ttiat about 6 million tons of ammo- 
nium nitrate (2 x 106 ton nitrogen) was consumed in U.S. 
agriculture in the 1974-75 season 

(2,2 X 10^ ton solution, 3.8 x 106 ton prills) (4). 

The most modern process consists of reacting 55 to 6^% 
of nitric acid with the stoichiometric quantity of ammooia 
at about 65 psig, under these corxlitlons, almost enough 
steam is generated in the neutralization reactor to evaporate 
the water (from the acid) in producing the solid (prilled) 
product. 

Energy 'Requirements ^ 

The energy requirements (incremental in converting am- 
monia to ammonium nitrate) for modern pressure nitric 
acid and ammonium nitrate plants are given in the following 
tabulation {8, 9). 

Tabulation C 
Energy Requirements for the Production 
of Prilled Ammonium Nitrate in a Modern fNant 



Process 



.Equivalent 
Btu X 106/ton 
NH4NO3 prills 



Nitric^acid: 0.81 ton 100% 

HN03/ton amrfjonium nitrate .* 

Electricity. 0.81 x 5 kWh 0.04 

^ Fuel.gas (nitural gas).^ ' * 

0.81 x0.82x 106 ' 0.66 

Export steam. 0.81 x 1.7 M,lb -1.20 

Subtotal . . -0.50 

NH4NO3 (prills)' 

Electricity. 35 kWh " 0.35 

Steam.*1.'25Mlb ' 1.06 

Subtotal 1.41 

NETflEQUIRCD. 

per ton ammonium nitrate 0.91 

per ton nitrogen 2.7 



'Catatyti^ reduction of nitrogen oxide^in tail gas to nitrogei 



'The data show that because of the highly exothermic 
reactions, energy consumption per ton of nitrogen is less 
than half that consumed in the average urea process (nitrogen 
' basis). However, ^cording to White {10). an industry sur- 
vey indicated an energy requirement of about 1 3 



per ton of nitrogen (about 50% more than urea), These data 
possibly reflect the maximum energy consumption by older 
plants having little heat recovery hardware. 

Itis estimated that in 1 974-75 the conversion of ammonia 
to prilled ammonium nitrate consumed about 0.017 quadril- 
lion (10^5) Btu and the conversion to solutions consumed 
about 0.008 quadrillion ,(1015) Btu (weighed average of 
old and new technology) for a total of 0 025 quadrillion Bru, 



Nitrogen Surnmary 

Calculations indicate that the agricultural nitrogen in- 
dustry (ammonia, •urea, and ammonium nitrate) consume<}' 
about 0-412 quadrillion (1015) Btu or about 0.5% of^he 
total U.S. energy consumption in 1974-75. Agricultural 
ammonia production consumed about 450 x 10^ standard 
cubic feet of natural gaS| about 2% of the estimated total 
natural gas produced in that period. 



Phosphate 



Gene^l 

*rbe projected P2O5 rAjuirement in the United States 
through 1980 is given m Figure 7* (4). The trend is toward 
" the use of greater proportions of ammonium phosphates 
and, though not shown here, somewhat greater amounts of. 
concentrated superphosphate; these increases are a\ the ex- 
pense of nornial superphosphate. 

J^ese trends therefore indicate that phosphorip acid, 
predominantly wet process acid, will continue to be the 
most imporfant phosphatic intermediate, and that sulfur,, 
which is used, in all economical phosphatic fertilizer pro- 
cesses, wiJI retain its prominence in thre are? {1J). 



It IS esticnated that of the 5.2 million tons^{-P205 con- 
sumed as solids in 1974-75 about 3.2 million was as am- 
monium phosphates and 1.7 million was as concentrated 
superphosphate with only 0.3 million tons as' ordinary 
superphosphate (4). 

Process Description - Raw Materials and Intermediates 

Nearly all agricultural phosphate is based on wet-process 
acid which in ttirn is based on phosphate rock and sulfur 
(sulfuric acid). A small quantity of electric-furnace phos- 
phoric acid may be used in agriculture, but it is generally 
much too expensive- (24 million Btu/ton P2O5 vs. about 
10 million for wet-process acid). 



Figure,'/ 

I Projected Phosphate Consumption in the United Stat 
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Sulfur 

T^e United States produced aa -estimated 12 rrtillion 
tons of sulfur in 1^74. of which about 70% or 8.5 million 
. tons was Frasch mined sulfur, the remainder was predomi- 
rtantly recovered sulfur from sour gas cleanup or sulfide* 
ore- roasting (//. 12) Some of the sulfuric acid produced 
fr^ the sulfide ores finds its way into pjiospha\e manpfac- 
ture,, but its impact is small and therefore is not accounted 
for perse in subsequent calculations. i 

The Frasch mirfing process involves the^iniection of 
stearfjor hot brine into a borehole and forciog molten sulfuV 
up through an annular space in the casing Sour gas iS" 
cleaned by ^scrubbing with an amine oi ^ promoted caN* 
-450pate solution and convertfng' the recovered hydrogen 
sulfide to sulfur in a^Claus unit. The heat eoergy, generally 
from natural gas. required for Frasch sulfur varies widely 
from well to well, but a national average is about 8 x IG^ 
Btu per ton sulfur. Recovery from souf g^s requires only 
about 0.3 X 106 Btu per ton. sulfur {//) 

It IS estimated that desulfurization of oil requires about 
27 X 106 Btu per'ton sulfur, but very little of this sulfur is 
utilized. The productionof sulfur from the roasting of pyrites 
(a small operation tn the^U S.) requires about 0.4 x 10^ Btu 
per^ton of^sulfur (7/) * ^ 

Sulfuric Acid ' ' , . 

Sulfuric acid is produced by burning molten sulfur. thati 
has been atomized m burner tjps with a sufficient quantity^ 
of air to yieid a gas mixture containing about 10% sulfur^ 
dioxide and 15% oxygen, this is passed over a vanadium 
pkide catalyst where the sulfur dioxide is oxidized to sulfur 
tri8xi(de at a temperature of 750" to 950^F.The gas is then 
cooled (steam generation) and absorbed in water .m an 
absorption tower to yield 98% sulfuric acid. Stronger acid 
(oleum) may be produced but is not required in fertilizer 
manufacture. • 

The Overall reaction is highly exothermic so there is an 
, average net yield of energy m thS form of moderate pressure' 
'steam, this amounts to abput 1 9 x 106 Btu pef ton j00% 
sulfuric acid after internal electric power generation* 



^ treated in hydroseparators and froth-flotation units to rje- 

cover, on the average.' about 70%*of the nfined P2O5 as 
* salable 'product. The remainder, in the fown of sNmes^or 

tailings) IS discarded - ^ 

It NiS estimated that the' average combined mining- 

benefiqjatioVi operation r^equifes about 1 5 x 106 Btu pfer' 

ton of reSCvered P2O5 (//) ^ * 

Phosphor tc Ac id (Wef-f^rocess) ' '\ 

As indicated previously, wet process phosphoric acid is 
now the key intermediate in phosphate fertilizer production 
and IS therefore the key item in determining energy require- 
ments f<5r finished phosphatic fertilizers. There are many 
vjJriations in pro'cessing phosphate rock into phosphoric 
'acW, sorAe of these-are the dihydrate process (dominant in 
the industry), ^he heipihydrate process, and the anhydrite 

' process. However, all conform in general ro the basic re- 

' action belQW' 

* Ca,o>2(P04)6 + IOH2SO4 V 2^2)^? — ^ . 
phosphate* rock / « 

9 IOC3SO4 ' 2H2O + 2HF + 6H3PO4 
calcium sulfate phosphoric acid 

dihydrate 

(gypsum) " ^ 

The finely ground (-200 mesh) rock is continuously digested 
/or several hours with the sulfuric acid (93%). The resulting 
calcium sulfate (d«gre0 of hydration characterizes the pro- 
cess designation) 'is filtered off and discarded. About 3 tons 
of gypsum (dry basis) is produced per ton of phosphoric 
acid Dr 4 tons.per ton o( P2O5 A simplified flow diagram is 
shown in Figure 8. The product acid is generally about 30% 
P2O5, It IS norrjiaiiy^oncentrated to "merchant grade" 
54% P2O6, o^fng the byprdduct steam from the sulfuric 
acid plant. 

, Energy Consumption * 

^ The estimated energy consumed m the production of 

'^54% P2O5 merchant-grade acid is given m Table 11 (//). 
Acid produced with Frasch ^sulfur requires abogt four times 
the energy as that produced from recovered sulfur 



Phosphate Rock 

Phosphate rock is ^he indispensable raw material for all 
commercial phosphatic fertilizer. TFiere are other sources 
(guano, bones., etc.)., but these are inconsequenrtiaL The 
United States is stni the largest single producer of r^fek. it 
IS estimated that nearly 46 million tons of rock were mined - 
•n 1,974. . 

Raw phosphate ore% recovered, by strip^ mining since 
most pf the Uni^ States ores are "sufficiently close to the ^. 
surface for this procedure In the distant future, however, 
shaft mining may^;have to be practiced Common practice is 
to slurry the roughly crushed ore in water at the mine and 
pump It to tljjbeneficiation plant a few miles away. Here 
the ore islfcrt^d 'through a series of. washers equipped with 
1 millimeter 'Screens so that plus 1 millimeter and minus 
1 frfilhmeter fractions are produced The fractionsarje further ^ 
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Granular Phosphate Products 

As previously mentioned, the predonijhant granular phos- 
phates are ammonium phosphate and concentrated super- 
phosphate (CSP 6r*rSP) The future trertd will be toward 
even higher proportions Of these productis. toward the near 
exclusion of ordinacy superphosphate. ' ^ , 

Process Description , t . 

'Ammompm Phosphate 6iagnmonium phosphate (DAP), 
having a gsade of 18 46-0. is the most popular of the am- 
monium phosphates. It^ is generally produced in a TVA 
continuous rotary drum ammoniator -granulator. Tt|e ^cid 
(usuaNy 40% P2O5) is partially ammoniated in a preneu- 
tralizer to increase the decree of water vaporization* The 
' resulting "melt" is distributed over the rolling bed of recycle 
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" Figured 

Schematic Flovr^agram of Wet-process Phosphoric Acid Process 
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* , T^bleil 
« ^Estimated Energy Consumption in the Production of Wet<Process Phosphoric Acid 

^ As Affected by Sulfur Source (Frasch or {Recovered) 



) 



Material % 


Tons 
material 

• 


Energy requirements. Btu x 10^^ 


Per ton material 


* Per ton P2O5 


Ton acid 
^ P2O5* 


Frasch 


Recovered 


Frasch 


^ec6vered 


Sulfur * ^ 
Sulfurr&acid(f0O%)^ 
Phosphate rock (32% P2OS)'* 
Product acid (30%)^ 
Product a^id (54%)*^ 


^ 0.93 
2.85 
3.49 
3.50 
1.85 ^ 


8.0 
(-)1.9 
0:4 
0.2 

^ 3.0 


0.3 
(-)1,9 
0.4 
0.2 
3.0, 


7.6 

' *{-)5;fi 

0.7 
5.6 


0.3 

, (-)5.6 
* -1.5 

- '5.6 


.' Net energV required/ton P2CT5 as 54%"acid 


9^ 


* 2.5^ 
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'Bypppduct heat energy l-K \ 

''Includes mining (25%). beneficiation (12%). drying (63%), but not grinding, 

^9P%r recovery of P2O5: includes rock gci tiding. 

</Bypro#yj^ heat from sulfuric acid plant used to concehtrate acid. 
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fines in tl?e drum and is further ammoniated with excess 
ammonia to an r^H4 H3PO4 of 2 jb^f^k^he resulting 
granules are ^jfied,^ screened, cooled, and stShed A sche- 
matic flowsheet in sHbwn m Figure 9. 



Granular Triple Superphosphate The most modern TSP 
process, which is in widespread use, is the continuous direct 
granutatiOn procesi. Wet-process phosphoric acid, usually 
about 40% P2O5 JPs reacted with phosphate rock m a two- 



stage reactor ^-The resulting slurry flows to a pug mill 
(blunger) mixer where it is inbmately mixed'with cooled 
undersize and cr^jshed oversize from the product screens. 
A high {recycle ratio (recycle to slurry feed rates) of about 
12.1 »s required. The granulatipn occurs in the mixer and 
the dryer following. The granular material is screened, 
cooled, and sent to storage. ^ 

A schematic flowsheet of the direct granular triply 
superphosphate process is shown ^n Figure 10. 

j/^ '* 
Figure 9 ^ 

Schematic Flowsheet of Diamnronium Phosphate Production 
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Figure 10 

.Schematic Flowsheet of the Direct TSP Granulation Process 
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Energy Requirements {11) , 
The estimated energy required in the production diam 
monium phosphate ^nd triple superphosphate is shown tn 
the following tabulations ' - 

Tabulation D 
Estimated Energy Consumed in the 
Production of Diammonium Phosphate 



\ ■ 


Energy required, Btu x 10^ 




per ton product P205^ 




Frasch 


Recovered 


Material or proc^s^ step 


sulfur ^ 


sulfur 


Wet-process phosphoric acid 


98 


2.5 


Ammoniation and granulation 


^0.2 


0.2 


Product drying 


0.8 


0.8 


Totaia 


108 


3.5 


^Not including energy equivalent of nitrogen content. 





Tabulation E 
Estimated Energy Consumed in the " 
Production of Trip^^'Superphospha^e 



Energy required/Btu x 106 
per ton prodoct P2O5 



Material or process step 



Frasch 
sulfur 



- Recovered 
* sulfur 



Phosphate rock* 0.4 

Wet-process phosphoric ^cid 7.0 

/^ulation and granulation 0.1 

Product drying 0.8 



0.4 
1 8 
0.1 
0.8 



Total 



8.3 



3.1 



^Ground rock, equivalent to 30% of tQtal P2O5 

/ 

Excluding the energy equivalent of its nitrogen content 
(to avoid double entry in totals), the estitn^^ed energy con- 
sumption for dmmmnrmimphotphatrjt about 4 to 1 1 x 10^ 



Btu per ton of prpduct P2Q 5 and ^„abP**^*yto^8 x lO^for 
triple superphosphdlti d^periding upon the sulfur source. 

Where^rasch sulfur is used m production of diammonium 
phosphate and triple superphosphate, the data show that 
triple superphosphate appears to have a significant energy 
advantage dverdiamjnonium phosphate. However, the P2O5 
contents of i?oth materials are the same, so m" shipping 1 
ton of P2O5 the diammonium phosphate provides a zero 
shipping energy cost for 18 units of low-cost ammonia- 
nitrogen, whereas the triple superpho^hate "carries" only 
a calcium diluent, which >is of' minimal value in most 
instances. « 

^quid Phosphate Fjertilizers ill) " 

"^Although the production of solution and 'suspension 
(slurry) fertilizers is growing^rapidly, something less than 
10% of the total P2O5 utilized in the United States is in 
the form of liquids. This would amount to perhaps 0.8 x 106 
tons of P2O5 or aboot 5 milhon tons of hquidi'having an 
iive'rage P2O5 content*of 16%. . % ' T 

At first glance it would appear that the processing of 
phosphoric acid into liquid N-P grades (base solutions)' by. 
ammoniation would be no more energy^intensive than 
diammonium phosphate without the drying step. How- 
ever, in t^e United States' liquid market the demand is for 
the clear w6t-prpcess sup^rphosphoric acid rather than 
black orthophosphoric acid. It is estimated that at energy 
' charges of nearly 3 x 106 q^u per ton P2O5 for rock eal 
cination (clafity) '^and 2^x 106 Btu per ton P2O5 for 
conceritr^on (superpho^^fOricacid) the "energy premium" 
may run to nearly ^ x IO6 Btu per ton P2O5 over dried - 
diammonium phosphate {If). 

Phosphate Summary ' 

Cdkulations Indicate t|^at the phosphate fertilizer in- 
dustry (phosphate rock, phosphoric acid, ammonium phos- 
phates, concentrated superphosphate, etc.) consumed abou! 
0.0628 quadrillion (lO^^) Btu m 1974-75 or pnly"i).l% 
of the total annual energy consumption in this country. 



Potash 



General 

Potash, muriate of potash, aiid potassium chloride are 
synonyms for the mineral syl^le, wh^h hasiSeen deposited 
underground tn eons past. It is ^ougl^t tA^^reserves of 
over 50 frillion tons of K2O tf^otassiu m^0M0f^u ivalent) 

. exist throughout the world (7). Unfortunately, unlike most 
phosphate deposits thit are accesiibJe by strip mining, pot- 

« *ashdepositsarenearly all at depths thatrequire underground 
mining. A||o infortupately,,the United States became a net 
imporlet of potash in the early ]^60'% and i^t is estimated 
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that about 55% of potash consumed in 1974-75 was im- 
ported^ primarily from Canada. 

The potassium chloride (sylvite) makes up about 90% of 
the agricultural potash used m the United States-which was 
about 4.5 million tons K2O (See Figure 1 1 UjiJ^A 75(4). 
The remainder -is I^Krftipally langbeinite, l<2S04'2Mj3S04. 

A^in, unlike phosphate rock, the potash salts,. Pnce 
beneficiated (separated from im pur kites in the r^W; ore),^ 
do not require further processing before us^TThey are applied 
to the soil in the form iawhich they are proJuced. 
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Rgurell " 

♦ Projected Consumption of Pouih in the United States 
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Process Description 



The potash ore is recoyet0,TOin the deep beds'in two 
ways. First is,conventionai iraTt and tunnel mining, which 
accounts \pft about 85% of the 'total potash produced in 
this country. The other ts »lution mming-m this approach 
in its simplest termg, a><^t^brine is pumped down one;(Cell. 
through the- deposit vftere it becomes saturated^ amd up 
^anoiherjAfell to the sur^ce wfiere the potassium cj^oride Is 
^^vered by crystallizatib 

The deep-mined solid ore behi>(iciatedj^ crushing, 
classification, and flotation. This treatmWSjnlocks" the 



sylvlte cr^als from the principal .impurity, hahte (com- 
mon salt), and separates the two compounds. This Is a 
^athfcr complicated chemical trfeatnftent" and flotation pro- 
cedure that Is so reliable that plantiJ^^ing capacities of up. 
to 6000 tons per day of lipist^ proOTct are not uncommon. 
A sirtjplifieti schematic flowsheet o^f the treatment prpcess 
Is shown in Figure 12-. 

In ^fft solution ij^ng process, the out-coming saturated < 
bfm©s|rom the debosStMSslmpty oooled'm vacuum evapora' 
,tive coolers; the potasslurp chlojide preferentially c^y^tah 
, liz0S, leajk/ing^the sckiium (jhloride in solution. This solution 
is reheefted for recycling to thi^irie. ^ . 
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Figure 12 

^indpks of PoUth Ore Flotation Process 
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' Energy Consumption * * ' 

The estima ^ enei^l^ consompttons i<^r the two mining 
procedures are given in the following tabulation (7). 



Tabulation F 

Estimated Energy Consumed in the Production of Potash 





♦ 

< !, ^ Energy required 




• 8tu X 106 per ton K2O 




Solution mining Shaft mining ♦ 


Mining 4^ 


68 " 2.2 


Seneftciation 


^6 (crystallization) 1.0 (flotation) 


Total 


12 4 3.2 



The data indicate that the solution, mming is fourfold 
more energy intensive tha^i shaft mining However, it has 
been claimed that thevongmal expenditure of energy re- 
• quired to open the^mine are so much less for the solu^on 
mine that t^e higher operating energy^requirements are off- 
set Data concerning this point are not publicly available. 

PotasFi Summary , 

Calculations indicate that the approximately 2.5 million 
tons of K2O (as KC1) product in the United States^in 
1974-75 required about 0 011 quadrillion (1015) gt^, or 
about 0.01% of the total annual consumption of energy 
The remainder (2.0 x- 10^ ton K2O) of the total consump- 
tion was imported. ' ^» 



Transport of Raw Materials 



Nftrogen Products * 

'About one*half of the anhydrous ammonia capacity in 
the United States is located On interstate gias pipeline and 
tb#other half is located at intrastate gas supply points [10). 
ObviouslJ'. all the gas must be collected and transported to 
the ammonia pjants. A'*rough estimate, is that the average 
transport distance is about 200 miles, The^timated energy 
consumed m transporting the 450 x 109 SCF per year of 
natural gas is only ^about 0.00068 x*10i5 Btu per year. 

Phosphate Products 

About 30% of the phosphate capacity is* on the Gulf 
Coast (Texas, Louisiana, Mississippi) neaf sulfur sources 
but these plants'must* import rock iVom Florida^or North 
Carolina. About 50% of the capacity is in the Florida 
phosph^e fields but these units must import sulfur from- 
Texas or Louisiana. Of the remaining 20%' of the pfants, 
109^ must import both rock and sulfur,, atid 10% must 
inflfort sulfi#only. However,, calculations indicate tiiat 
oftly 0.00457 x 10^5 Btu per yeai* is Required for this 
jj^ther Q^mplex transport system. 

Potash Products 

Since potash is invariably used "as is"'and is produj 
(beneficiated) at the mine, no r^ material transport egjlP^y' 



" IS rdfrred. Product transport energy is»covered in another 
section. 

Raw Material Tra nsjwijj ^nerav Summary 

The energy'required per yearfto transpdrt raw materials 
^ to the manufacturing plants is summarized in the followir\g 



tabulation. 



Tabulation G 
Summary of Annu^ Energy Require ments ' 
for Raw Material Transportation 



Products^ 


Annual transport energy 
required, Btu x 10^5 


Nitrogen 




Natural ^as transmission 


0.00068 


Phosphates* 




. Pnosphete rock 


0.00235 


SulfOr 


0.00154 


Total » 


000457 



*Potajh not involved^ fince all beneficiation isj?t the mine, only 
product transport, tnvolved. J 



fn preceding^|ctions, the estimated direct energy-fe^ 



Chemical Fertilizer Djstributfon 



ig^^ti 

r^ffi I 



quirements forTTli production of the principal nitrogen,' 
phosphate, and potash fertilizers were calculated. In this 
section, esijimated* energy requirements for the. storage, 
transportation, and field distribution of the'1974-75 country- 



id 
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wide fertilizer mix is calculated. * * 

The estimated fertilizer mix together/ with modes of 
transportation, average transport mileage., and number of 
tj^nsfer points are given in the ^tpl lowing tabulations. 
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Tabulation H 

E^timate4Fdrtilizer Mix and Mode of Transportation 





Annual tonnage 
X 106 , , 


Mode of transport, 10^ tons 


Material 


Flail 


Barge ^ 


Pipeline 


Truck ^. 


In-Plant Use 
Anhydrous NH3 


' 4.7.^ 










Direct Application 
Anhydrous NH3 
N solution 
Urea prills 

Ammonium nitrate prills ' 
Mixed NPK 
Phosphates 
Potash 


< 38 
4.7 

f :i 

25 0 * 
3.8 
43 


06 
2.2 
0^ 
2.7 
10.0 
2.3 
3.0 


2 1 
2.5 

0.5 • 

\ 5 

is-.o 

1.5 


IJ 
I 


3.8 

uv 

4.2 
. 25.0 
3.8 
4.5 


Total tons 


47.1 


* 21.4 


24.6 


1.1 


47.1a 


Estimated transport milea9e^ 


500 


800 


'600* 


1053 


Estimated energy consumption,^ 
Btu/ton mile 


,970 ' 


550 


450 


2400 



*All material eventually trucked, average tOO miles from terminal to retail outlet and 5 miles from retailer to farm gate. 
''This tonnage novadded to figures in column below, it was used in production of the products below. ' 
^Averigc of several sources (2, //. /J, M). 



From these data, calculations, of through-storage energy 
requirements at three transfer points, of long- and short- 
distance freight energy requirements, and of field di^rtbu- 
tion energy requirements were made. The results are sum- 
> marized in the following tabulation: 

Tabulation 1 

Summary of Distribution Energy Requiremerits Per Year ^ 

^ Quadrillion 
^ ' (1015) Btu/yr. 



Storage Energy Requirements * 
Anhydrous NH3~in-planUfce 
.Anhydrous NH3~thi:etfiransfe^ points 
• " Nitrogen solutions-three transfer points 
Solids— three transfer pomts ^ 

^ Total— storage 

^ Transport Energy^Requireprients 
•1 Rail 
Barge 
Pipeline 
Truck 

Total -transport 

^ Field Distribution Energy Requirements 
Anhydrous anjmonia 
Nitrogen solutions • * . 



0.0006 
0.0014 
0.0034 
p.0162 

0.0216 



0.0072* 
0.0108 
•0.0003 
0.0119 



- 0.0302 ^ 



. Solids 



^ Totals-field distribution 





Total distribution energy required 0.0606 



. Summary pf Qh^mical Fertilize; Annual 
* * Energy' Requirements 

The summary of data presented in the previous sections 
of this report is shown in the following tabdlation. ^ 

Tabulation J - ^ * 

Summary,of Annual Chemical Fertilizer ' • 
' Energy Requirements », 
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Annual energy reqlJued, Btu x 10^5 



Item 


Nitrogen 


Phosphate 


Potash 


Totah 


Raw materials prepara- 




5 






tion and conversion 










to fertilizers 


0.412 


0JD63 


0.011 


0.486 


Fertilizer 










s distribution^ 








0.061 


Raw materials 










transport 


0.p007 


0.0038 


0 


0.005 


Total 








0.552 



^Includes field application, complicated fertilizer mix prevents a 
reah^ic breakdown between nitrogen, phosphate, and potash. 

The total estimated energy consumption of*0.552 x 10^5 
-Btu per year by the chemical fertilizer irKlustry amounts to 
about 0.66% of "the total estimated 83 x W^s {quadrillion) 
Btu. As indicated previously, the total agricuitoral system 
utilizes an estimated 3% of the total energy consumed: 
therefore, chemical fertilizer energy consumption is about 
23% ofMhe total agricultural systeni requiremeots. * 
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ENERGY RESOURCES FROM ORGANIC MATERIAL 

Willitm R. Fox ' ^ 

Head of Department 
Agricultural and Biological Engineering Department 
Mississippi State Univefsity 
Mississippi State. Mississippi 



In accepting the respoosibihty (to lead the discussion on 
energy resources from organic materials I was ^ven a great 
' deai of ^xibility In preparing my remarks, I want to ac- 
knowledge the tremendous assistance from members of an 
undergraduate 't^minar and a graduate seminar in the Agri- 
cultural and Biological Engineering Department during the 
fall semester of 1975, These young people were invaluable 
in helping 'track down various sources of information, We 
did not discover that many agricultural research org^niza- 
tu)ns have conducted research regarding energy production 
from' agricultural crops. The time may have come in which 
we need to direct part of our resources in agricultural re- 
search, education, and extension, to developifig s^ategies, 
processes and systems for production of energy from ^^f- 
ganic material. 

As the race between the providerlof energy and the con> 
sumers of energy continues, it becomes ratMtr clear that we 
nnust increase our available sources of energy if our quality 
^f life, and, possftbiy, the survival of hunlanity is to con- 
jtinue, professor Murphy ( /) states that; » 
J We are eating away our energy resources not with< 
^standing the advanced technology used for scien- 
tific agriculture every calorie of food consumed re* 
quires "^bout four calories equivalent of energy 
sources, out of which one calorie equivalent of 
fuel for growing and supplying the good to the . 
consumer, and three calories equivalent for cook- 
ing,that food. 

Of course the only reason for utilization of energy in the' 
first plac0 is to $u$.tain and improve'life for humanity. With 
alf of the various energy, sources presently u$ed by human- 
ity, fossil fuels, electricity^ hydroelectric power, organic 
mat^ial, wind power,, etc, the primary ^source of thi» 
energy is supplied by "OldSol," sunshine. Our solar energy 
is oature's way, of supplying energy to. uS' by controfled 
nuclear fusion. We are attempting to develop processes for 
control of nuclear fusion; however, this may not be on the 
imm(^iate horizon and may not offer a solution in the lon^ 
run. As long ps the sun continues to shine on planet earth 
we essentially have a renewable source of energy. When the 
sun fails, life as we know it to exist on planet earth will, cease 



to exist. Then the question of supplying energy will become 
'a moot point, , ' ' ^ 

iEven though we are discussing energy resources from 
organic material, in re^ftity we are discussing sources of 
energy from solar radi^^ion. The organic 'material happens 
to be^ very effective collective and storage device, Sincei ■ 
our primafy souce of energy from organic material w^be 
solar energy, a quick review of^ the availability of solar 
energy is in order, Morse {2) states that\sj^ar energy 
frrives on the surface of the United States at A^average rate 
of 40Q0 kcal/m2KJay or abou.t 4.18 x 109^cal/km2-day. 
Over a period of a*year a square kilometer would receive an 
average of 1,53 x 10^2 kca'L^ln 1970 the total energy con- 
sumed by fhe United States for all purposes was about 
16.4x 1015'kcal," 

The basic energy conversion in growing plants is the 
photosynthetic conversion of carbon dioxide to a biomass, 
Klass {3) states that this conversion can be represented by 
the following equation: •* 
^ H,0 A light Chlorophyll 



{CH2O), + O2 



CO2 ^ H2O -+ 

Klass<K3) ^tate^ that: 

Carbohydrate is the primary product, for each 
gram atom of carbon fixed, about 112 kcal are ab- 
sorbed. Oxygen liberated in the process ponies ex- ' 
clusively from the water, according to radioactive 
labeling experiments. The prerequisites for carbon 
dioxide fixation and biomass production, are car* 
bon dioxide water, light in the visible regipn of,the 
electromagnetic spectrum, a sensitizing catalyst, ' 
and a living plant, • 

Klass (3)|t^es that: 
' .The first pathway of carbon dipxide fixation is 
called the Calvin-Beupn S-carbon* cycle, after its 
discoverers, and involves an initial 3-carbon inter- 
^ ihediate called phosphoglyceric acid, C3 (or 3- 
carbon) plants .exhibit lower rates of photosyn- 

f thesis .at low light saturation pojAts, sensitivity to 
oxygen con^ntration, photO;^piration; and a 
high carbon dioxide compensation point (about 50 
ppm). The cait>on dioxide compensation point is 
the Cj^bon dioxide concentration in the surround* 
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ing environment beiow which more carbon dioxide 
ts respired by thl^ plant than is photo'synthetically 
fixqd- Jypicaf C3 plants are Ipeas, sugar beets, and 
spinach \ • 

The second pathway is 'called the 4-carbdn or C4 
pathway because the carbon dioxide is initially 
fixed as the 4-carbon digarboxylic acids, malic and 
aspartic-flcids In contrast to the C3 plants, plants 
classified in the C4 category have higher rates of 
«• photosynthesis. h:gh light saturation points. 'in-' 
* sensitivity to oxygen . (concentrations below 21 
mole percent, low levels^of respiration, low carbon 
dioxide compensation poinjs, and* greater effi- 
^ ciency of water usage, C4 plants often occur in 

areas of high insolation, hot daytime temperatures, 
.and seatonal dry periods. Typical C4 plants in- 
f' dude the important crop plants such as corn, sugar- 
cane, and sorghum, and forage species and tropical ^ 
grasses such as bermuda ^rass, sudan grass, and 
even crabgrass Today, ^at least 100 gene/a in 10 

plant famUies are known to exhibit the C4 cfcle. 

• 

^ The third mechanism of carbon dioxide fixaTioh is 
ca<l^d the Crassulacean Aoid Metabolism or CAM 
cycle, which involves malib acid intermediates, TKe 
distinguishingL features of CAM plants are a very 
low gas exchange rate during the day, and the 
ability \o fix carbon dioxide in the dark Plants in 
♦ this classification are typically adopted to ^rid^n 
vironments, have low photosynthesis rates, and 

, have w^ter usage efficiencies. Examples are cactus 
plants^ and the succulents si4ch as pineapple. Rela- 
tively few CAM plants have been exploited com- 
mercially. ' ' 

» 

One would expect that tf\e photosynthette process is not , 
100% efficient. Certain energy losses do occur. Scbneidcr 
{4) indicates that * ' % 

^ Energy losses can be. divided into three groups , 
losses due tQ jthe photochemical and biochem- 
ical mechanisms involved directly in photosyn- 
thesis, (2) other losses due to the type of plant, 
the physical environment, agricultural practices, 
respiration and physiological factors, and (3) losses 
due tq disease, grazing and insects. Some of ^ese 
losses can be drastically reduced by changes in 
agncultural practices (improvement of cultivation 
^ and harvesting methods, including use of irriga- 
tion, fertilizers, etc,) Estimates of the magnitudes 
olf the losses, which are influenced most by agricul- 
V tural practices, should indicate possible gains nn 
crop yield, AM activities whijch add supplementary 
energy to the crop, and" all agricultural practices 
which consume energy, must be totaled and sub- 
tracted from the energy yield. It 4S frequently 
^ difficult to include all of the energy inputs. 
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According to Schneider (4) the maximum efficiency that 
IS available over the entire solar spectrum is approximately 
11% conversion efficiency Coupled with the maximum 
plant conversion efficiency of 5-6%. he indicates that this 
will be limiting , conversion efficiency in terms o\ crop 
growth yield ^ * 

Even though a .conversion efficien'^ of 5-6% does not 
souny very large, this is significant when considered that 
the present conversion efficiency of plants is estimated to 
be approximately ,4% However, agricultural practices can 
be developed and sorae'are presently available that result in 
high daily yields Schpeider (4) indicates that 

Achievement of high daily yieid^s approaching the 
-5 6 percent ^conversion efficiency have been re- 
ported* Attainment of these yields on an annual 
• bans would result in crop production of 60-1 00 
metric tons/acre each year. The best recorded crop 
productivities l« in the range of 30-35 metric 
tons/acre ydar and ar^ achieved by several tropical 
grasses. Wat^r hyacTnth is expected to be^capable 
of yields of 45-60* metric tons/acre per year when 
cultivation .^oceeds undgr careful management. 
Sewage 'grown algae could yield 20-30 metric' tons/ 
acre year while' some temperate forests exceed 10 
metric tons/acre year. (All of these production 
values are dry organic weight). In the range of 10 
metric ton^acre year-20 rr^etric tons/acre year ^ 
fdll many temperate species_,and__it _is_this. range 
^ that can be reached with any number of drops 
incKjding many natural ecosystems as well as agri- 
cultural crops. « 

Dalai (5) m his discussion of. environment, end'ay and 
the need for new technology indicates that photosynthetic 
fuels offer excellent posybilities. He states that: "It is possi- 
ble to use highly efficie^Vl^ass or fast growing crops energy 
producing biomass ' 

i Wolfe (5) in hfi^di^ussionjof potential impacts of solar 
energy indicates tnM convertion of sunlight to chemical 
energy via photosynthesis his excellent potential He indi- 
cated that: / \ 

The conversion of sunlight to stored chemical* 
energy via photosynthesis has been utilized by 
man for approximately 11,000 years through ag'ri- 
culture for the production of his food, of feed for 
his domesticated animali, and of fuel. Now, these 
^ photochemical processes are being reinvestigated 
^for their potential for energy generation. The ad- 
^* vantage of the approach is that it results in stor» 
able and transportable energy, which can be in the 
form of gaseous or liquid fuels. The approach 
generally consists of tvvo states, first, th? produc- 
tion of carbohydrates through utilization of pho* 
tosynthesis, and second, the conversion of |^se 
chemical cornpounds into f uels. pf higher energy 
density, agvas methane or>l>ydrocarbon oils For 
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both stages, biological and technologicai processes 
are under^nsitieraiipn . , »/ 

The biological processes for the first stage, the re- 
duction of carbon ciioxide from the atmosphere to 
form carbohydrates, would be an extension of 
present agriculture or forestry methods, These 
methods generally operate with an annual average 
efficiency well below 1 per cent. Using improved 
methods for the cultivation of plant organisms, it 
IS hoped that this efficiency can be raised to 
approximately 5 per cent. While efficiency per se 
would not be of concern. »t becomes important 
through the limited solar energy flux,, and there 
fore enters into considerat^ns^of land use and^ 
process econowiy As a rule of thumb, average de 
livery of 1000 MWh per day of energy in any form 
at 10 percent efficiency requires 2 5 km2 (i mile2) 
of horizontal area in thfe U S.A As f^r as cultiva- 
t»OQ of land plants, is concerned it is not known at 
this time to which degree energy crops might inter 
fere with other land uses 



Lev»tt (7) states'that • 

The fuel that is most easily obtained from plant 
- material is charcoal At least m the case of wood, 
simple standard methods have long been used 
Charcc/al is an excellent fuel and could ba used for 
the production of electrical energy, m the same 
way a$ coal or oil The basic question is whether 
the amount that could be produced is adequate ' 
There arfe two possible ways of producing this fuel. 
' Farms that produce complete consumed crops 
(eg hay) would have to find additional land to 
grow the plant material which would be converti- 
ble into charcoal (eg wood) (2) Farms that har- 
vest only a part of ihe plant material (e g. the fruit 
or gratn) must harvest the remainder for' conver- 
sion into charcoal. Corn belongs to the second 
group. According to the calci/Wlions of Pimentel 
et al. (1973),, a total of 1 kcal fuel is required for, . 
every 2 8 kcal corn produced by modern meth- 
ods of agriculture. This means that enftugh of the 
vegetative part of the corn plant must be harvested 
as fuel to equal 1/3 o^he gram crQp 

Weinberg (8) states that we are producing *'156 billion 
tons per *^eaT of cell ulose. That's about 1 50 lbs of cellulose 
per. (fay for each person on earth." The quesfion then 
comes How can we convert "th+s bi^oma^s to e form of 
energy readily ^stored and converted for use by each con 
sunder? Several possibilities exist I wish to indicate at least 
thVee forms:that have been proposed TK^se are utilization 
of the solid material as a direct 'energy .source in thermal 
conversion That js simply burning the solid material (2) 
gasification and production* primarily of methane and {3) 
the production of cnethapol. 



Szego and Kem'p (51 indicate that 

The technology required for burning energy plan 
tation fuel is already available whereas much tech 
meal development still remains to be done before 
breeder reactors will be as ready for everyday 
operation For example, wood burning boilers that 
generate as much as 800,000 Jbs/hr of steam at 
1250 psig and 950°F are commercially available 
Such a boiler will support an electric generating 
capacity of about 80 mega watts. 

Szego and Kemp have indicated that conversion of wood 
and solid cellulose products is the most economical conver 
sion of the solar energy available to us They indicate that 
the photosynthetic process is.estim^ed to cost SlOOO/kw 
whereas the photothermal process is approjfimately $5,000/ 
kw and the photovoltaic is about $lOO,000/kw. Thew esti 
mations are that approximately 37j0 square miles of a "en A 
ergy plantation" is required to .support a t.OOO mw base 
load generating plant. This is essentially equivalent to the 
' amouf t of land area required for pulpwood production in 
'Order to support a 1,000 tori per day pulpmill Assertions 
by Smith iW) that approximate!/ 70% more wood would 
be required \n opder to make a pulpmill self sufficient in 
terms of energy useage Most of us shudder at the thought 
of supplying an additional 70% more pulpwood in order, to 
produce the pap«r products required by present day society 
|;1owever, Mr Smith indicates that it is possible that we can 
capture the "green junk" feft on the tree plantations as a 
part of the pulpwood industry and utilize this material 
Estimates range as high as 50 to 80 per cent material left on* 
the forest site This material could be used to power a 
boiler operation and provide the necessary energy for the 
paper mill*Of course an immediate question is What about 
the energy required to collecj and transporfthis material to 
the mill? The amount of material nefeded to transport tc^ 
the mill would be approximately 1600 tons of wood mate 
rial per day to produce 10.5 billion Btu's which is.necessary 
to p^cess 1,000 ton of pulp per day Smith indicates^hat 
only 1/5 io 1/4 of the tofal biomass produced each year is 
utilized as material Jor theNaulp operation He suggests that 
the remaining biomass could be used to provide the source 
of energy for the plant operation 

The gasification process of nonfossil carbon, which Is the 
material produced by our growing plants can be converted 
to methane Ktass {3) states that: 

In the optimum gasification process, the total 
plant, including water and nutrients, could be ac 
cepted as a feed and gasified to produce methar^ 
and residual, water slurry suitable for total recy 
cling Anaerobic digestion appears to be the closest ' 
to .the ideal process Watef slurries are recfuired for 
digestion to take p\fide, and it has been demon- 
strated that the residual liqujd-solid slurries from 
conimercial municipal digesters are effective ferti 
* lizers 
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Klass {3) further indicates that the biomass production 
from 1.3 X 106 to 3 26 X 106 g^res has a potential of pro- 
ducing synthetic natural gas at an estimated cost ranging 
from $ 73 to $1 1 per 106 Btu This estimated cost com- 
pares to the present cost of natural gas at a cost of S 50" 
$2 50 per 106 Btu This productf&n from the*l 3 xho^ 
(0 3% of U S crop land) acres is estimated to produce I bil 
lion cubic feet/day of synthetic natural gas. 

It has also beeo-sug^ested that a norlfossil carbon could 
be an excellent source of methanol production Daley (//) 
indicates that alcohol can be used as a fuel in internal com 
bustion engmes He indicates that a bushel of corn and a, 
bushel of wheat can each produce nearly 'three gallon^ of 
pure gram alcohol Reed, et al {72) indicate that methanol 
offers a particularly attractive form of solar energy con- 
version since agricultural and forest waste products can be 
used as a starting material 

A few comments are in order regarding the use of agri 
cultural wastes and by-products as'a source of energy. Other 
speakers have covered this topic in detail but a few com- 
ments are m order, Freedman {73) indicates that there are 
several types of waMes fhat may be used as energy sources 
including plant and animal wastes 
V 

Knight, et al (74) state that- ' 

Agricultural wastes represent a potential source of • 
energy, and the utilization of these vyastes as/ 
energy sources would be of tremendous benefited 
the agricultural interestf of this country It would 
* change the status of a waste material to that of a 
resource, and provide much needed fuel from a re 
newable resource It would eliminate disposal^ and 
pollution problems now associated wvith the wastes ^ * 
Th# steady flow, low temperature pyrolysis proc 
ess developed at the Georgia Tech Engineering Ex 
penment Station 15 a system that is capable of con- 
verting the wattes into fuels The process has beert 
developed from bench scale to a pilot plant scale I. 
and finally to a large scale demonstration facility J 
capable of feed ratessof 50 tons/day of dry 
material The char and pyrotytic organic *nquid 

4 represents useiul solid ancj liquid fuels that can be 
transported economically The heating values .of 

m the chars are in the range of 10,000 to 13.000 
Btu/lb arfd the heating values of the pyrolytic 
organic liquid are in the range of 10,000 to 14,000 



.Btu/lb The char and the pyrolytic organic liquid - 
can be mixed to form a char-oil mix which can be 
burned directly in existing facilities. Agricultural 
.wastes are very low in sulfur, and therefore the 
fuels from them ar^ k>w in sulfur The air emis- 
sions from the burning^of these fuels would^big, 
very low in sulfur dioxide The demonstration of 
the portability of the EES waste converter system 
wojLild provide a means for the utilization of large 
quantities of agricultural wastes that are not now 
readily available The JEES pyrolytic process offers - 
a proven process at the commercial prototype 
st^ge for the utilization of agricultural wastes ar^ 
lignocellulosic materials as energy sources by con- ^ 
verting the materials into clean burning fuels 
Several researchers have indicated that the production of 
methane ga^ from animal waste offers a distinct possibility 
McDonald {75) indicates that we can e^cpect 14,000 cu. ft./ 
day o^ gas from a lOO-cow dairy * After using 6,000 cu. ft. 
of this to support the digester at 760 Btu's/cu. ft. he indi- 
cates that the remainder is more thah enough to satisfy the 
' total energy need of lOO-cow dairy farm. 

Some people even war\i lof recycle a cow burp. Colligan 
~{76)' in Science O/gesf Vlndifcdt^ that a group of investi- 
gators with the Texas Wionway Department claim a cow 
burp has potential. ,Th6y(/nnounced that the nation's cows 
belch an estimated 50 million tons of hydrocarbon into the 
air each year They claim that 10 cows burp enough gas in a 
year to satisfy the annual space heating, water h^tihg and 
cooking requirements for a small house I offer no sugges * 
tions for development of systems and devices for collection 
and storage of this hydrocarbon fuel, but agncultural proc- 
essors have Jong qjaimed that the only thing not captured m 
the processing of pork is the'^squeal." We may want to 
* capture energy at both'fends of the cow. 

Irtf^ummary, we have some exciting opportunities on the 
horizon concerning enfergy resources from l^ganic materials, 
particularly supplied by agncultural production. My pur- 
pose was to encourage education, research, and extension 
organizations to assume their responsibilities including in- 
vestment of necessary resources to prgrvide alternate energy 
- sources. Agriculture first permitted humanity to develop 
other talents rather than just be "footf collectors." We in 
agpiculture now have an opportunity to^help people move 
Linto the 21st jcentury with the ne<;pssary energy to become 
\ruly a whole persoi). ' * 
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Introduction 



Energy utilization in pest management has received 
relatively little attention until recently Indeed, utilization " 
in all of agriculture has received much less attention than 
deserved. Recent adverse developments in availability of 
fossil fuels from foreign sources ha^ created^an awareness 
of the acutcr need for information on energy requirements 
in agriculture It is a well knowr> fact, recently empha'l^zed 
by Wittwer (1975), that a major part of the total require- 
ment for energy in agriculture is cupplied by illimitable re- 
newable resources - energy from sunlight ^r photosyn- 
thesis and the anaerobic fixation of atmospheric nitrogen in 
forms available for crop use Nevertheless, a lar^e sut^^v of 
energy from fossil fuels js a major contributor to th??tW 
cess of American agriculture. McColty (i960) has estimat^^ 
that agriculture uses about 10 percent of the petroleum 
products'marketed in the United States. 

Proportionally, energy* subsidies from fossil fuels are 
greater for pes^ management than In most other agricultural^ 
operations. Pest controljs still largely dependent u0on use' 
of chemical pesticides Much of the energy involved in the* , 
acquisition of basic raw materials, construction of manufac- ' 
turing plants, production ^of pesticides, transportation to ' ' 



the farm, and application is obtairred from fossil fuels. 

The amount of energy required for production of food 
and fiber is increasing more rapidly than in many other seg- 
ments of world economy. Pfhientel et al (1973) estimated 
that energy inputs in corn production in the United States 
increased more than three-fold from 1945 to 1970 and now 
amount to 7.1 million Kcal/ha, the equivalent of about*743 
liters of gasoline per hectare. Energy required in pest man- 
agement Increased at an even greater rate during the same 
period. 

_ The rapid acceleration in use of energy in agriculture is 
emphasized by the fict that the world population doubled 
during the last 30 yiars, but energy consumption doubled 
during the last 10 years (Pimentel et al 1974). No similar 
estimates are available for trends in energy utilization in 
pest management. Because of the trend toward more ra- 
tional pest control practices, it appears reasonable to be- 
lieve that energy requirements for'pest management may 
have remained relatively static during the last 5 years. Al- 
though energy utilization in pest management*may not have 
increased sig>iifican<!fy in recent years, prices have doubled 
during the last se/eral months. 



atje 



Procedures For Estlrpating BnwgyUtiliktion 
in Pest Management J' 




The scanty literature avallatle on expenditure of energy 
in agriculture has beenjsasec* o\ information developed for 
several crops on yitHKuputs, and on variable^nd fixed 
farming costs. Heichel (1973) and Pimentel et al (1974) 
havQ used data of the sort available on selected U.S. crop* 
budgets and in various publications on agricultural statistics 
as a basis for estigiating energy utilization for a number of 
crops., In genera I, 'costs of production were calculated from 
areas with yields (^mparable' to thb national or regional- 



73 



ERIC 



average.* Heichel (1973) used gallons of fuef^quired per 
acre, or dollar values of fuel and repairs converted to gallons 
of gasoline or diesel fuel at 28 cents per gallon, and to 
energy at 32,000 Kc?) per gallon; he used the value of energy 
as dollars of goods and services at the 1970 rate of about 
1^.4 Meal doll^r^l m his calculations. 

Pimefrtel et al (1974) used the value of^570 Kcal ppr 
liter of gasoline and 24,-200 Kcal per kilogranf of pesticide 
in their esttmates of energy utilization. Their procedures 

6 



were used to estimate energy utilization in pe^t rtianagement 
systems for cotton and soybean in Louisiana during 1975 
Information on average numbers of application, kinds, and 

^amounts of pesticides applied .was provided by county 
agents, production spec lalistSv and growers These data were 
used to <:alculate averages. Obviously estimates arrived at m 
this manner are subject to substantial errors However, ahy 
errors should apply eq^jally to.both crops Estimates of fuel 
used in application of pesticides were provided by the owner 
' of a large aerial application service ^ His estimate of 3 8 
liters of gasoline per hectare for aerial applicatidn of pestt- ^ 
% riHp< ;^greed closely with an estimate of the amount per acre 
for application by ground equipment 2, n was used for all 

.calculations of the energy inputs aS'fuel 

Estimates of the energy utilized for insect control on 
cotton in lA)uisjana during 1975 are h'igher than would have 
been the case ptior to the development in 1974 of a berious 
problem with high levels of re^istante >to insecticides in 
populations of .the tobacco budworm The devastating 
losses to this pest during 1974 were responsible for growers/ 
beginning apphcdtions -at lower injury threshold Ifevels an^ 
scheduling a^lications at closer intervals* than in the previ- 



ous thrfr years The result was an average of about 10 appli 
c^tion^ per acre dyrmg the season One of the most com- 
monly used inse/ticide mixturel consisted oi toxaphene 
plus methyl paralhi'on plus chlordimeform m a rati6 of 
2 10 2 applied atVUn »titl of 3 41 kg/Ha-/application It was 
, used as the Sfffndar^for calculations ' . 

An average of 4 3toplicatiorxs of herbitide was made at 
the rate of 0 85 kg/ha/applicatron Two of these applications 
were made by ground equipment during regular cyKTTStion 
so charges for fuel were assessed to only two o| the her/ 
cide a^lications 

No charges were assessed to use of small quantiu^s of 
fungicides applted as seed treatments, or in-furrow^plant- 
ing time, for control of seedling diseases 

In contrast t^^cotton which in*areas of he^vy boll weevil 
investation is treated more intensively for insect control 
than any other major crop in the United States, soybean 
requires relatively little treatment with insecTTcides There 
quirements for weed control*are similar. The same j)roce- 
dures described for cotton were used m^eslimating energy 
utilization for pest management in soybearw 



Discussion of Results 



Data in Table 1 show estimates of total energy inputs re 
portecf by Pimentel et al (1974) for production of four 
major crops Tn the United States, their average yields, ^and 
return/irtput ratio* It is un for tunajte that 1^70 was the year 
chosen for corn. A severe epidemic oi^e/mtnthosponum 
leaf blight occurred throughoij^ most CDrn>prodCfc'ing areas 
during 1970 and resulted m sObstantial losseTirfyield Thus, 
the energy ratio of 2.5,^ obtained'in their study probably 
underestimates substantially the efficiency of corn prodik^ 
tion m tti^ United States. An e'nergy ratio of about 5,0 r\l^ 
ported by Heichel (1973) is^ probably a more realistic esti- 
mate for corn In either case, however, it appears that yields 
of these four crops in the United States have reached \he • 
point that mcreasmg energy subsidies is not bkely to result 
in corresponding- increases in yields of digestible energy. 

Table J . ^ 
Efuergy Inputs in Crop^ Production in the United States 
v ' . » <Per Hectare) . 



Crop 


t Yield 

kg. 


Kcal 0 
(1,000,000) 


1 a ,. 

Return/Input 


Corn (1970) 


5,080. 


-7.1 


2.52 


Potato (1965) 


25.600 


8.7. 


2 28 


Rice (1963) 


5,796 


15.4 


1,37 . 


Wheat (1962, 1968) 


2.5^4 


4.8 


1.76 



Source: Piment^f etal (1974) 
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Ray Thornton. Cape Air, Inc, Oonal(^sonviMe, Louisiana 
2f*rovided Sy Or Carl ThoVnas, Head, Department of Agricul- 
tural Engineering, Louisiana Sjate Ontvorsity <r 



The percentage of total energy infJUts required in pest 
control for eaih of the four crops was calculated from the 
data of Pimentll et^al 11974), Table 2. Except*Tf5?>otato 
which required almost 5 percent, energy used m pest control 
for these four r«ajor food crops comprised a relatively sfnall 
percentage of the total 

^ ■ , > 

Table 2 ^- 
Energy Inputs Allocated to Pest Control ' 



'Crop 



Corn 
Potato 
Rice 
Wheat 



Kcal^a 
for Pest Coatrol 



" 54.208 
406.560 
271.040 
26:620 



Percent of 
- -Total - » 



0.76 
4.64 
1.77 
6,55 



. Source: Pimentel et al 0974} 



Data m Tables 3i 4, and 5 summarize the estimated 
energy' inputs utilized in pest managerpent for cotton and 
soybean m Louisiana during 1 &75 There was an almost 
five-f^ld difference between theJwQ crOps in eriergy utili- 
zation for pest control Less energy was utilized m pest 
management on 740,000 ha of soybean thao on TI&.OOO 
^a pi cottdn One of the most striking features of energy 
requirements for both syMems is the high »percenyfgeN)f 
tbe total that is comprised by fuel used m pesticide appli- 
cation — about one third in cotton and more than one-half 
in soybean. 
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^ . . Tables * 
Esfimatlsd Energy Inputs Required for Control of Cotton ^ 
and S6ybean Pe$t$ in Louisiana. 1975 * 



■9 ^ 


Cotton 


Soybean 


August estimate of ^ 






acreage for harvest (l.OOOba) 


116 


740 . 


Energy input H biMion Kcal) 


t60 


. 128 ' 


'Energy input expressed as fuel 
•equi>/^lents (^million liters) 


^-,6 


13 



viable 4 ^ 

Estimated Energy (nputs by Category for Control of 
' Cotton Pests in Louisiana, ^975 
» (Per Heitare) 





*Kcal . 
li I 


Fuel Equivalents 
Uitersl 


Insecticide, 10appl 
@ 3.41 k^/ha 


, ^824,978 ^ 


86^2 


Herbicide, 4 appl. 
@0.85kg^a " 


82,522 


8.6 


Fuel for 1 2 appL 
@ 3.8 


436,392''" 


4;5 6 


Totai 


' 1,343,992 


140.4 



Table 5 . 
Estimated Energy Inputs for Control of 
' . Soybean Pests in l,^uisiana/l975 
• (Per Hectare! « t 



'Insecticides, 0.3 appl. 
@ .57 k*/ha 

* Fungirfdes,0.2 appl. 
@ 0.2 kg/ha 

Herbicides. 4 appl. 
@ 1.42 kg^a 

Fuel, 4.5 appl. 
@3.8l/ha " 



Total 




Fuel €qtjjvalents 
lLi\ers) * . 



;^0,4 

.6 

f-4,4^ 
r 

17.1' 



32.5 ' 



(1971) data by, use of Hetchcl's (1973) procodure It 
amounted to 20 percent of the total variable costs for cotton j 
and 13 percent**for soybean - 6.122.1^0 and 1,276.290 
Kca^/ha, rcsi5e2tivcly These values are about 3 times higher 
than the values obtained by using the procedures of Pirrvental 
et al (T974). h^ichers (J9j3) estimates of energy require- 
rpents for. pesticides m corn and rice producing systems hjTs 
the United Starts were about 5 and 3 times b'gher, respet?^ 
tiveTy, than those of Pimentel et al (1974) Much of -this dif * 
ference can be explained by the fact that part of Hejchel's^ 
. (1973) procedure included estimates of fixed as well as van- 
able costs of 'production 'Thus, it would appear that thf 
estimates of energy requirements in pest management for 
cotton gnd soybean in Louisiana during 1Q75, Tables 4 ^nd 

J 5, may be reasonable Howevfer, it should be erophasized 
that these estimates w^uld be considerably highef f! all 
costs of production, transportation, etc ol pesticides were 
included ^ * 

The contribution of energy inputs m pest management 
^ to the total energy requirements in major cropping systems 

^ of the United States h relatively small However, the source 
of almost all of this energy is f'ossil fuel There is a critical 
need for reducing (o a minimum the use of foisil fuels m 
agriculture. Pest management is an area in which substantial 4 
' , progress can be made toward tfie objectives of reducing the 
amount of 'energy from fossii fuels and of increasing the 
efficiency of its use < ^ 

/ * 

^ ' Table 6 ^ 
'vJ Percentage of Energy Allocated to,. 



* Crop - ' ' 

> 


Perceht of 
Total 


Kcal/ha 


jCorp grain {Illinois. t969) * " ^ 
Corn silage |low|^*fi969} 
Rice (Louisiana. 1970^ 
Sorghum (Kansas.J970) 
Soybean (M^issourl. T970) 
Oat (Minnesota. 1970} V ^ 
P?3hut (North CarpUna, 1^) , 
Sugar beet (Galifornta, 19/0) 


4 
4 

5 • 

. ' 2 ^ t 

0.4 

6 / 


^ 513.600 , 

617,550 
1.492,tf00 
. 131,150 
' 519.050^ 
23.G50' 
3.471^600 
1,327,350 



V 



Based on estimates fFom the data of^Strickland andfjar- 
well (I97I) on yieids, inputs, and variable co^ts in produc- 
tion pf cottoij and soybean in- tfre pelta B.Jjj^n o^ the 
South Cenffcal^United States, energy tosts of pest manage 
ment for 6otton equals the tortal variable costs for produc* 
tion of spybean 

Energy tequirement^in pest managenftent for ^otton and » 
soybeans^ "Wai estimated from Strickland and' HarWll's ' 



Source ■ U.S Deffsrtfiient oCAgnculture. Staasttcai Butietm 233 
(1958) \' 

Clearly. 'agriculture is faced with the dilemn^a of shar|)ly 
inc^p«fa^ing cost$ of enefgy and decreasing efficiency in'^its 
use as crbp yielcfs are pushed higher The situation is made 
tremendously more difficult by rapid depletion of availaple 
fosfil fuels cqming at,a time when a'drastic increase in pro 
duction of food^ and fiber has beiome aJ^ priority of 
human endeavor - , I \ 



^Energv-otiJjzation in productroh^f pestic^dal chemicals is sub 
^Stant»l) for some compounds.^ Per example. Dr david, Humphries bf 
the Ethyl Corporation estimated th^r 47 gallons.of crude 01^ were 
required for «the manufacture of 1 pound of the brganochtprine 
n$ectic>d eJtf7 cto/7e. during 1971. -5, \ 
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%i the energy crisis <)rows more pritical, some have^Ug 
gested the need for a return to the practice of less intensive 
agriculture with substitut^pn of hum&n and animal labor for 
machinery and' chemicals dependent upon fossil fuels JSow- 
ever, the solution to the jjroblem of an energy shortage in. 

• p(i,sX management does hot fie in a return to hand picking 
potato beetles and use of the hoe arjd mule drawn plow to* 
control weeds If adeqi^ate amounts of animal lalwr rapidly 
rould be made available to replace the energy from fossij 
fupis that It currently required for agricu^ure m thellnited 
States, about 90 million ^<?cres of cropland woulcLhdve_to be 

/liverted from' present use to the production of fped for" 
horses and mules, ^Table 7 Society could not alford toj 
sacrifice production from^uch a huye area Also, with so 
many additional horses and mules adding to the current, 
problem! of livestock waste disposal, we 'would soon be 
up to our elbows' in horse manure and' the house flies ttiat 
breed jn it The Environmental Protection *Agen^y would 
undoubtedly view stich a develgpmentfi/ithf disfavor * < 

\ ^ Table 7 , 
Farm Land Requited to Produce FeecV 
' for Horsed and "Mul^s ' ^ 



Year ^ 
f ^ 


^, * Hectares, 


mil 


hons ' ^ 


On FartTis • 


in Oties ^ 


1910 , 


72 




' 16' 


1920 ^ 


' *B0 ' 




10 


i«f30 


63 ' 




2 


.,1940 


42 




" » 1 


' M50 C 


18 




1 


^ /957 * 


^ 7 y 




' 1 
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Pimentef et^^al 



(1974) pointed out 




t^jal iiy/<») pointed out'tKat^U^e sayings^, 
eher^ inputs for weed control by use of mechanica^culti 
vation and hoe qr other hand implements instead of herbi 
cicjes vw)uld beaboutl2 and 94 o<?ic'ent, respectively '^fore 
con^Idlring such theore'tica^lternative^ to use of herlii 
cidal chemica^fj their practicality shoul^ be ex"ammed 
Mechanical cultivation is impossible iti small gram crops, 
^uch as rice and. wheat ft is much less efficient than use 6f 
herbicides for control of weeds in the dnll^of row crops, 
'and It is^)impossihf^Ao use m^perijds Of excessive rainfall 
Had herbicid^l d^jjnicals not been available in Louisiana • . 
during 1975, lack of, weed control in majonsprops^^w^ld 
have^been disastrous As for hand labdf, it is not available, . 
and even if it 'were, .the costs involved in controlling weeds ^ 
by hand m U S agriculture would m^t^ profitable farming 
irnpossibljB under cOrrent conditions Clearly, it does not 
make sense to^atlempf Tfl solve the energy problem ih agri » 
c^ulture by reverting to systems of productibn from which 
so many are striving so desperately to escape feather, the 
most appropriate step to be taken in pest mandgemelit 
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al^pears to be development of systems that require rr\^ 
,mum amounts of energy derived from fossil fuels used as 
effipier^tly as possible * Pest management for both cottt)n 
objectives can be achieved ^ 

Current sy«temi ot fnana^ement of cotton msect pests in 
areas where the boll weevil is a key pest, are still- based on 
the profhgate use of conventional chemical insecticides 
The system developedvWhen the syhthetic org^nochlorme 
insecti^cFdes became availdble Prior to- thisiime, very little 
insecticide w^s used for control of cotton insects Growers, 
fo^the first time, were-^rbvided with a.highly/effective, 
che^ip mBdns Of controlling the boll we^viJ when DOT, ben ~ 
■• zene, he^dchloride, anci toxaphene becam^ available The 
paiterrr of use rapidly evolved into system of scheduled 
dppliC4tJons dt weekly intervals from the time of seedling^ 
^mergence until crop maturity Applications were made on 
a systeniatic basis wrthout regard for pest populatiogr assess- 
ment oneconon^jc inju^y^ threslioldi, i. 

fo/a relatively short--^ime the systerrvpTxjvided highly 
effective,, dependable, anjl relatively £con|omical pest 
control .Then, the beginning of a disaster syndrome oc 
curred' with the ^jjpearance of organocHtonne insecticide 
resistant populations of boll weevil duririgri955. This was 
followed by the el^^ion of minor pests/o\ species of no* 
pre\/ious pest status on coifon, to the positionfof major pest 
status, the tobacco budworm and bandedwiOg whitef ly. for 
example, development^of resistance to insecticides in other 
sriectet "destruction of predators, parasites, and pollinators, 
massiv^ cpntamination of the environment generally and of 
nT^)y non target sf5ecies with persisting residues of toxic 
cheftiicals, and finally jo^the development of resistance in 
populations of the -tobacco budworfn in some areas to the 
extent that it is no longer*controlled ^Effectively with any 
pesticide currently registered for use on cotton Thus, evolu 
tidrTof cotton insect control iq the United Steves during the 
ISst quarter-century provides a classic example of the dis- 
astrous consequences of overuse ot rhomiral ppsticides i« 
pest management systefa><J^ot only does sudh an approach, 
create problems, "often mo/-e serious than th^e which it * 
aims to sV)lve, .It is extremely wasteful ii? utilization of 
energy The cietails of problems created unilafera! ap- 
pioaches to pest manjpj^nt are too well known to m^m-'* 
bers of this ^roup to require further elaboration 
^ Weed control in cotton provj^s ^ number of striking 
'parallels to insect control There are marked diftefences in ^ 
thK chertiicals involved. In general, herbicides are less toxic 
to nfon-tar^et or^an^sms^ arid they are uiua^^^less persistent 
a|id environm^entally hazardous Development of resistarfS 
to herbicides has been considerably l6ss rapic^Jn \^eds than 
It' has been to insecticides in populations of insects and re- 
lated arthropods Several cases oj resistance have been 
• documented recently and the phenomenon will probably, 
becomemore cpmmonx.The mo&t^trrking parallel between ' 
insect control and weecfcorttrol is tnfe^chjtnge in dorninance - 
of pest species \h both, several species^f little orfio pre- 
vious importance have been elevated to' positions dn major 



pest status as a pesult of the dse of chemical pesticides*Suc 
prisingly, weed control specialists have failed to profit from 
the 'mistakes that have been made by ertiomolog»sts They, 
continue to follow th^ same path that fias been disastrous 
m entomology, viz the unilateral apRfoach of reliance upgn 
herbiadal chem^pals applied without regard to poptliation 
assessment and economic thresholds ' 

The Situation with ipsect pest management in soybean 
contrasts, sharply to that in cj^ton Soybean doe^ not yet 
have a ke^msfcct pest If a ra^^Hl approach to pest man 
agtment'is followed, none should develop The secondary 
and occasional pests of soybean arc not of sufficient im- 
portance to justify an average o^one application of* insectt 
cjde per hectare per year Their status shoyld remain un 
changeO if a reasonable approach to pest rf^anagemen^ is 
* followed ^ ' - 

The weed probfem in soybean is equ'^lly or even mbre 
lanl than that in cotton The approach to management 
of vyeed pests is the sarrte as that for cotton The potential/ 
problems are equally gr^ye. 

The challenge to the pest control disciplines is to de^elo^ 
pest rrianagement systenrts that will allow growers to extnK 
Gate themselves from the "treadmill" of excessive use of in 
secticides with the attendant waste of energy, for control of 
cotton pests and to prevent swfch a situation from ever de* , 



veloping in soybean Neither will "be easy but the former is 
by far the more difficult The situation m management of 
cotton insec^ pebts and use, of energy from fossil, ^uel m 
agriculture's similar to that described by the late President 
Truman fpr a man ndmg a tiger He saiid, "When you afe 
* riding a tiger you can't get off, you have to keep riding " 
An example of the point reached m "riding the trger" of 
cotttJn insect control has been provTded recenti/ by a 
gf^wer jn Louisiana In an attempt to control an infestation 
of highly resistant tobacco bud^orms in 42 hectares of 
cotton he made 3n application on Sef)tembei^27 of a mix 
ture consisting of toxaphene, methyl paratigbn, and mono* 
crbtophos at the rate of'6 91, 3 46, and kg/Jjja, respec 
,tiOely Energy ♦utilized in this -single application amounted* 
to 292, 408 Kcal, ha, or the equivalent of about 31 lite'rs'of 
gasoline. , , ^ ** 

This exampt? is the ultimate in overuse of pesticicfes and 
squandering*'of energy The env^onrtiental costs of^xcessive 
•pollution and adverse effects On nontarget organisms are^ 
^tolerable, and the tobacco budwornj was not controlled. 
The* results of»such an approac^i, if continued to be prac 
ticed, will lead to loss of the cotton industry \n an acea 
This has^ilre^dy happened in large areas of Mexjcp It is a 
major factor in decline of cotton acreage to about 28,000 
ha in the Rio Grande Valley of Texas and to M 6,000 ha in 
Lou><iana&unng 1975 
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Development of Energy-Saving Pest 
Managem'^nt Systems 



Cotton 



The tobacco budworm is an induced pest The species 
was virtually unknown as a pest"of cotton prior to 1^50 be- 
caRse It (was corrlpletely controlled by a large compjpx of 
predators and parasites Procedures for successful manage* 
ment of the tobacco budworm in areas where the boll Weevil 
»s<a key pest have been described (Newsom 1972) For the, 
short term, a pest manage^nehi systefg baseclvon the so- 
called "diapause method" of boll weevil control wa^recom- 
mended^This method is based on application of insecticides 
, during late season and^a|t^r^aturity of the cotton cr^p 
The/objective is to prevent the development oUK>iL^eeviIs 
that can overwinter si^ccessfuHv as diapau5ing adults* "The 
system reduce sj)oq >rf^ior^yof ovefwintenng-t^l] weevils by 
-80, to 95 perceni.lThfs usually delays the devWopment of 
damaging- populations difrjng the following seasorl^r^trMate 
July or August it allowS 

tors ^hd parasites, helps tb Cori^rve thfeir pofSJB^bonsXpd 
relaxes the selective pressurVof i/isecticii 
worrj popfulations Adoptionof 

ment would result lO a reduction of insecticide Vy.one4hird 
©toxme haH thereby rehjItTng in substanjtial savmgrhrej»iergy 
Implementation of tne^ySlem would "buy the time" neces^ 
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sary for the development of long-term pest management 
systems possessing a high degree of permanefHe and sta- 
bility, Uttrmately, it would aftow growers to "get off the 
tiger " Such systems yvoyJ.d Se^deVeloped arou nd* the fol 

•lowing tactics 1) re^oration of the effectf^^ss of pred- 
ators arid parasites for control of tobaCco budworm to thM 
o'f 25 years ago by avoiding early-seasfon applications of in- 
' „ sectficides, 2) makmg^maximum use of varietal resista^nce to 
' insect pests, 3) use of trap crops of early planted, early 
fruiting, prolific varieties to attract overwintered boll weevils 
to a very smaU percentage of the total acreage where they, 
can l^e c^trt)lled with a minimum of pesticides, 4) de^truc- 

Jtjfen of oopj^e^idues as earlv^^»-posit>le,j§Amaximum use 
- o?*micf'bt3T3l l)atho5eri^''^ftd^ti^c5-/>af r(>v\^'^ 
secycides whenever possible. * . ^ 

. ' Soybean - . ' 

"^bfectitfe iUX ^vfifo^^em of^ sysfems^al a^^^^Qiive; 
eCohdmicaf, Energy conserving^ -and stable* Si^ch syVems 
must not fae developed along lines of approach "that^will re 
^ suit m the disasters that have erri&rged frcX) tbe systems em-J^ 
ployed ior control of cotton insects 'FoTtunately, a well- 
coordinated, highly cooperative research program has been 
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organised as ^ sub project of the NSF EPA Integrated Pest 
Man^ement Pro^ct l^at has as its rnajQr objective develop- 
ment 0? a pest management system that will avoid the prob- 
lems that have characterized syslems for cotton insect con- 
trof Some of the progress that has b^en made tn Loursigna 
/ v«/as fgported by Newsometatn975) The System cjeyeloped , 
iaXmi«iana is bas€<i on the establishment of economic in- 
jury fr»reshotds for the'pestiT regular monitoring of pest 
'POpufations* and a<jp^'catiofV'of pesticides baied ori^pest 
population assessment It makes maximum use of l^to 
•ggica' control agents, 2> the selectivit'V prinople in use of 
•osectiCides,^3) trap plots. Sjnd 4) methods for hoidir>g costi* 
. of mon>iort,ng pest po^julations'to a minimum 

The major pests ^f soy Dean irr Louisiana are heavily 
3t?afi:e<j by a complex of predators, parasites and mic^o 
b*af pathogens _The impacL-of jhese natural epemies is 
tisual'y suffioei^t to rp^tjTate pbpul3r.ons of most pests at 
sub^onorr^^c teve>r Applications of pesticides are made 
Only wh4a economic Vjury thresholds arc reached Pesti 
cides are used in the {Tost y*J^iiveJmann^ {y)ssible fiecom- 

)mendaftons' for t>#e of the broad sp^tfurri orgaf?ochlorine 
'nseci4C;des were discontinued more than a decade ago m 
favoi- pf the fe^ envTronmentaJly hazardous o'rganopho^- 
phates and carbamates AdditionaTf selectivity of pesttcide * 
action has beep, obtained by reducing to the minimum the 
rate applications formerly us^ for tonifol of* most f>est5 
and by (-a-sjog etonomic threshofcis,tT5 more accurate levels- 
Acrs^ requtrtog treatment -for the southern green 's^>nk 
bug and b«an i^af beetle hss been substanttally'.r^jiLX^ed tjy 

,,usjn9 trap crops of small are<s,pianted "to early H^attKing 
var-et'es as a rpeans of concentrat ovef^vintered f>o*puIa-* 
T^ons so t^ar 'hey can oe controlled with minimuci use of 
nsecticides and l«s;. environmental pollution Costs of 
moniTonng populations of major pesn have been substan 
•ia*^v reduced by talcing 'ac^vantage of^rfe>v .nV^rmatton on 
the phenology of rhe soybean and its jjests'^ Th»s mforma 
t)oM sHbws-'fhat the^ 's no needE?lo start a pest nDonitoriog 
program before mid July m Louisiana e\cep; m areas 
planted tp tra'p crops The southern green stink bog^u of no 
ecofwrntc imtiortance on soybean untiJ the beginning of 



seed development, the soytte^ looper'never reachej eco- 
n^mic^njury levels before August 1 and- then only in areas 
»i«Jhere cotton and soybean are grown in rotation, the velvet 
bean caterpillac »s of no economic rfnpbrtance prior to 

* August 15. and the corn earner m does not damage thacrop 
before it blossoms and then only in fields m which the 
foliage canopy has not closed 

This system provides effective and economical control of 
soybean pests with minimum utilization of energy it w^H 
be improved as additional information becomes availat^^ 
but itr implementation has alrea9y brought about reductions 
of one third to one hal? the^mount of pesticides previously 
use'd ' 

There is no reason why insect pest management systems 
for soybean shoujd ev.er ^fe plagued by the problems that 
have^been characteristic of cotton insect control It wogld 

^ be a tragedy if tftey .were ever to evolve to the point that 
- application would be" required of as much insecticide as has . 

^ been used for control of cotton insects The increase in 

^ energy utilization, costs, and environmeYital pollution 
woaJd Jje intolerable on the huge acreage now planted to 
soybean There is ample cause for major concern that the 
amolint of pesticide now used orf soybean could increase 

, slilStantiaily The pesticide^ industry is viewing the 

^ 21.600,000 ha planted to soybean as a potentially huge 
new market Growers are being subjecjed to heavy pressure 
by p^Ucid^ salesn^n to induce them to use more pesticide 
on soybean An intensive ' weil-coor^inated. cooperative 
^educational program on the p^t of extension and research* 
personnel of the Land Grant Colleges and the U S Dfepart- 
menrjof Agriculture ]|/ll be required to nullify the effects 
of Ih^ misguided efforts of the pesiicide industry Savings 

^ in energy alone v/ilfmoVe than pay the costs of initiating 
and implementing such a- program I sfiould like to urge'that 
those of -you vTho have* administrative r^pbnsibrtily for 
sucVi programs ^ive top priority to this critical nped Agri- 
culture canno; .afford to allow pest manaflrfnent systems 
for soybean to take th^, same route tharfras been so dis- 
astrous for cotton , * * * 



Ref trances 



He»cft«« G H . "Comcarativ* ^tttcncv o* Energy Us* m Ccoo Pro- 
cJuctiCn, "Connecticut A^rio^-tre E xpef iiwitai Station ButPetm 
739 T973 26 ^ ' ^ ' 

McCcHIy H F , "The Place orPetroi<\jm. ' m Powvf to ^^uce - 
Yeiftock of Agocv/tvrw. ed b( A"*Stefffrud. US ©epartment 
of Agricxjityre. Wa^fttngton; 0 C I960 pp 61-69 ^ 

N«w«5o L 0. "Theory of Ro(Xifat/on' hfatvs^ment^for /^e//of/)/s 
5o*o^ m Cotton.'*' n Dntrtbuuon^ AbundiiKt ^rtd Control ot 
±l4liothn Sp*CM9 in Cotton *nd>,Oth^ Host Ptjpts. Southern 
^Cooceratn^tSefiet BuJJepn ^6a pp 80-92 ^ 

^tY^ocn.L O R L Jerien. 0.»C Har/og -trxJ J W Thonw*'. A 
P^.^UQ*gement Syttem for Soybeans. ' Louiwaor A^rrcuttiire. 
Vol 18, ^J. 4. 197S -pp fbll 

Pimentell^b . L £ 4<grd, A O B«(lott»,»M J Ponter. I N Hu. 
O O Sholet and R J IVhitnnan. 'Food t>roductton and ttw 



ERIC 



Energy Crisis. ' Sc/enc*. Vol 182 pp. 443-449 
Pimenw. Wt R CVno. W K. .ViscReynot^s. M T\He*v«»*3nd 
Bush' "Workshcp'on Re^ardh Methodolo^es for Studies of- 
ET^ergy, Food. *tan. ind Environment. Pha*i 1.* Cornell Uni- 
• vers4ty Center fof Eovironmcnui Quality MaHa9emeat. Ithaca. 

^ N#<v YorV June 18.20. 1974.. 53 pp. ' * ♦ 

Strtekiand. ^ L 'and* R ^ ^^acwent -Selected OS. Crop 8od9ets - 
Yields. Inputs, and , Variable Co$ts. ' Vol. V . ^oJih Central 
Regional*. US Oejjartment of ^Agriculture, Eco<<omic Res^rch 
Service Publ»catioa461. 1971 184 op ^ 
US ftOepartment of Agriculture^ -Changes tp Farm Production and 
Efficiency. U S Oepartmeht of Agriculture. Economic . 
Research Service Statistical Bulletin to I972t 3lt>p 
Wittwer. S H , "Agricultural Productivity ar>d the Energy "Cmts. * 



'nat. Vol LV. .Nto 1 1975 pp. 35.38 



78 



8 



WASTE ENERGY UTILIZATION AND RESIDUE MANAGEMENT 



Dr. John F. Gerber 
Director, Center for Er)viror}menial Programs 
Inztnute of Eoodand Agricultural Sciences 
University of Florida 



In 1898 William Crooks awakened the world by claiming 
,frat the wofid faced ultiniajje starvation because of the de- 
pendence on the nitre beds of Chile The world listened and 
believed, and research ar^d development, lead to the proc- 
esses for fixing atmosR/)eri^rfltrogen Recently we have ob- 
tained energy for industr'ialized society from three fossil 
fuels - coal, gas and oil Today we are examining alterna- 
tive energy sources with the conviction that alternatives 
will be found Juk-as they were found for nitrogen 

The present problems created by the geographic location 
of Oil are* similar to fuel problems created by the past two 
World Wars. When availability of essential comnfedities is 
threatened or limited, we look for new sources* and to, the 
utilization of unused resources » • 
• Agncultuj^, forestry. in;iustry and ctfies generate wastes 
m the*form of refuse and heat Some wastes afe potential 
sources for fuel and ener^ for use by agricult Jre, cities and ' 
' industry Accordio^ tor the best estimates, 200 million tons 
!of animal waste are prodi/tad in the United States annually, 
1390 miUcon tons of. plant-debris, and 55 ipillion tons of 



forest slash, bark and sawdust. Urban dwellers discard 129 
n^illfon tons of so4Kj wastes and produce 12 million tons of 
sewage sludge. Industry prodiites an additional 44 million 
tons of organic wastes (2), The total jeH^, <#ry organic was*tes 
produced in the United States m 1971 were S&O million 
tons of which 136 tons. are readily collectible. This is the 
equivalent ojM70 million barrels o? oil, 2-3% of our apnual ' 
use, or 1.3e'^triTtton cubif feet of methane, 2-3% of present 
use (S) * / , f K 

From 7 to 8 X 10^6 gtu's of energy are used annually in 
the U ^. {13) If we assume an average energy efficiency of 
50% of all fuel used in the U.S„ there is 3.5 to 4 x 10^6 
Btu'^ of waste heat produced yearly Clearly, there are large * 
quantities of wastes and waste heat wj^ch could be used or 
converged to fuels Tt)ese wssxeygould either be burned 
dH-ectly (7, 141 or convertejrtll&ynthetic fuels. There are* 
three major ways to convei*wastes to syAhetic fuel. Th§y 
are. hydrogenation '(actuy^ reduction)?^rolysis, apd bio- 
conversion*(5, ff, 7) 




Hydrogenatiofi 



Hydrogenation is really a reduction process m which 
, oxygen is removed from cellulose in the presence of an 
alkaline catalyst such as sodium carbonate. This material is' 
placed in a reactor vessel with carbon <ni3noxide,, steamed- 
"at 100-250 '^tmospheres'oPpressure, and jhen heated to 
240-O80'C for one hour Under best conditions^ 99% of the 
carbofl is converted to oil. This yields^about two barrels per 
dry ton; however, because of less^han optimum conditions 
and the heat required for steam, there is a net yield of only 
^ 1.26 barrels per ton The oil is a heavy par^ffinic oil, low in ^ 



sulphur (less than ,04%) with an energy value of .15,000, 
Btu's per pound ^nfpared»with 18,000 8tu«< p^r pound for 
comparable fossiroil (Sj A full-scale plant could be operat- 
ing by lj980 for'either Animal or wood wastes. This is the 
most costly conversion technique and could probably be* 
just^ied if product oil value is greater than S5.00 per barrel. 
Problems include ways of introducing the solids into the 
reactor under pressure, the.control of sulphur emissions, 
purific^pon of water used- m the process and the s^ara- 
tion of the oib from solids. # 



Pyrolysis 



Pyrolysis is the burning or heating hi w^tes m the ab- 



are produced. This process is usually carried out at atmos- 



scnce of oxygen or with reduced oxygen* Gas, oil^and char ^ pheric pressure so that construction and operating costs of 
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plants should be lower than for hydrogenation 

Pyrolysis sys^iems have been built by nearly a doCzerv 

groups {8, 14) Most units are designed for disposal of 

mun^tfipal garbage with resource recovery Each ton of 

refuse produces one barrel of oi if 150 pounds of char>and a , 

varying amoujjt of low Energy gas (S) The oil contains 33% 

6xygen and pas one -energy value of only lO^BQO Btu'sper 

pound - dbout 60% of fossil oil. Several cities^^with EPA 

as^tanca, are constructing such plants The^yrolysis sVs 

tern can be modified to a controlled combustion system 

which produces a mixture of hydrogen and nitrogen gas 

that IS variousjy called "producer" or "synthesis" gas that 

can be used in industrial processes to supply Fiydrogen now 

con^frt^ily obtairted „from methane (J, 5) Pyrolysis plants 
* f — * 



will be in operation in cities by 1980. The problems in- 
volved with pyrolysis are the expense of plant construction, 
the.disposai of the char, the necessity to separate a portion 
of the materials present ifi the waste such as ferrous metals, 
glass, plastics, etc , the requirement to shred the material • 
and sulphur^nd other gaseous production, but water pollu- 
tion IS not a maior problem. The low Btu gas (500-600 Btu's 
per pound) could b^upgrad^d to metbane, but this is usual 
iy too expensive as is transporting the gas by regular^^s 
transrfiission tines. In some plants the low Btu gas will gp^' 
ate steam to be sotd to power coropanies, howeVer,,solid 
w%e incinerators which gener?t« steam have not been 
highly successful in marketing steam. 



Bioconversiop 



Sioconve^sion is the production by anaerobic digestion 
of methane, methanol or ethanbl It is one of ^he simplest 
and oldest methods of converting- wastes to fuel, but little 
investigation has tfeen done during the past three rfe-. 
cades {2, 5, 7, 8) Methane production from animal 
manure^s was common in Europe during World War II but 
w£ abandoned because of econoixiic reasons and the super . 
vision required In recent years thepe has been increased 
interest in India and in Pakistan* in methane generation 
Yviih the'utihzation of simpler, less expeYisive and probably 
less efficient equ^ent The rnain deterrents to the conver 
sion'(^ animal wastes to methane are the cost of the gener 
aiing equipment, the cost of TolIection*of the manure and 
distribution of the gas MethAne digestori ^pd other bio- 
conversion techniques produce ar>^undigest^d residue sludge 
that js a (fisposal problem^. Superficial examination of thr& 
resic^ue reveals a high protein conteift sp it could be ^sed as 
a- raw? milter fa I for feed production, but e^en though jt ' 
appeals to hav^a high protein 'content, ^'i may not be di 
jgestible -Siqconversion can proj^e more than 10,000 ^ 



cubic Jeet of methane with an, energy cor\tent of 1,000 
Btu's per cubic foot fbr^each ton of %olid waste (10,000 
cows could produce enough gas for a,3P,000'^city). Other 
gas©^j^f5*produc€d - mainly ammonta. carbon dibxide and ^ 
hydrogen sulfide The methane is sufficiently concentrated" 
so that It IS practical to upgrade the gas This process has ^ 
been used for years to reduce and stabilize muni^^pal sewage. 

•Aljhough bioconversion is theoretically a simj^ler process « 
than either hydrpgenation or pyrolysis, there are unsolved 
jpblems. A good way needs to be developed for feeding, 
•lolids into the digestor,'and inexpensive way's of collecting 
and purifying the methane and recycling the effluents.* 
About 40% of the original material remains as sludge that • 
could be converted to -oil or gas with either pyrolysis or 
hydrogenation, but it would seem more logical to utilize 
;his sludge either as a raw material animal feed or as a 
soil amendment. The best estimates are that a full-scale 
commercial plant for bioconversior> of organic waste to 
methane could be in operation in about 15 years (8) 



Energy from Wastes 



Agricultural wastes obviously have caloric value and can < 
be burned Corn stover, wheat straw and other plant rest 
dues have a heat of combustion of apptoximately 7,500 
8,0(X) Btu's per pound (7) This is approximate!^ tw() thirds 
the heating value, ()f a pound of coal or one third the)ieat 
fhg va1u6 of a pound of oil Dry aniniiiPmanures probably 
^ have a similar heating value:(5). ^ is estimated that well 
over half and perhaps as much a\ 70% of thd^ total annual 
plant yield of agriculture is left in the field as residue This 
total residue from corn, wheat*, soybean^ oats, grain sor 
ghums, sugarcane, cottori, rice, grass, etc amounts to 427 
Witliion tons per year with a 8t^ equivalent to*270 million 
.tons of coal. * 
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, Animal wastes can cause environmental pollution that 
has forced us to change animal waste management and re- 
examine the possibility of using the wastes In the^Orient, 
dried cow dung is bUrned as fuel, afid throughout other 
parts of Asia controJ[ed burning of alr'dry mafiure in a sue 
tlOn gas producer in the/ presence of water has been used to 
yield a combu^ible mixturCyOf carbon monoxide and hy- 
drogen with a heat value of 80 85% that of methane (5). 
This4?rocess has been suggested to relieve the manure build- 



1 
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Up problem in the dairy areas of southe^rn California {8) 
Anaerobic l|^ons are a common method of hanc 



handlmg' 



animal waste (5) These lagoons produce methane 

in the process of reducing .the biological oxygen deipand. 



80 



Other gdses such as ammoma, carbon diftxide and hydrogen ' / 
sulfide* are produced If the methane is sufftciently conceh 
trated. a burnable fuel is available, and it would seem that *> 
undV*, some cjrcumstance'j a rhigh! be practical to capture 
this methane for on farm uie One of the critical problems 
associated with* methaae production, is the difficulty of 
storage and the low heatrjg valiAe,.^ Recent interest in 
methane production from organic wastes hiay result in 
simple, I ne«pensiv^, plants such as those used in Inc^ia and * ' 
Pakistan The mam ^ieterrent to bioconversion of am mat 
•wasted 'to methane has. been the co§t .of collection (^/k 
mahure, its' necessary preparation for introduction mto 
equipment, and the. distribution of th^e gas The ^se .oF 
Jjiacure as animal feed 6r*fertilizer competes with energy 
production and environmental quality ^onsiderations'may 
preclude methane production because of the waste sludge 

Controlled partial combustion of manure can yield "syn* 
thesis" gas corfiposed of two parts hydrogeh, one part ca? 
bon monoxide, and ortB»pa[t^itrogen on a;»/ofume basis '(J) 
Further reactron with steam produces three parts hydrogA ^ 
and onepart nitrogen which can be catalytic^y converged 
to ammonia Each ton of dry manure iS rraorted as capable 
of yielding 700pou()dsof ammonia gas (5NThe "synthesis" 
gas replaces /riethane as »he source of hydrogen, and if it 
could be adapted to small-scale 'production it wopid serve as 
a'reafiy source of ammonia fertriiz^r 'In .addition, large 
scale prodljctipn of h|d|£B|n gas by this manner^ wouy 
have great impor t a nce^P^ syn the*sts of plastics by in ^ 
dustry Most hydrogen is currently produced from methane 
An ir/aH manures are visualizki as* a source* of energy for 
some of the large scale hyd'rogenat^on plants. * 

In Florida mosf dairy and swine wasted are tfefted in ' 
anaerobic lagoons Becauie of warm temperatures the^'la ' 
*goon$ continuously 'evolve methane and other gases It 
seems reasonable t^ inMestigaHe low co?t methods for. trap- ' 
ping the meth^ane Qas and using it as a source of far/n flower 
for water heating, gram dryipg, space heating, air condition- 
ing ^d pgssibly powering stationary engines for feed mills 
or milking equipment In most.cas^^e beat%contenf of the 
gas IS rather low, and t|je equipme|ruse€i would have to be 
derated, but there shoutci ndt be any realengineenng^rob 
lems As a visualization of low cost collection umt enviston 
the possibility of usiijg a' floating, clear plastic envelope ^ 
weighted to rise and fall as the volume of gas contained 
changed but maintaining a constant pressure Such a device 
would represent an inexpensive and sirtple method for cap 
turing methane be<ng produced from an5nal waste in anae ^ ^ 
robic lagoons ' ' 

In Asia, poultry and swine wasted have been us'^d exten 
sively for methane production. Because of .their high value 
as a feed, for cattle (4«,.5), it is unlikely that they, will be - 

methane production m the U*S if there are no 
pubfic heaUh problems from recycling as^nimal feed. 

Energy from plant wastes and restdu^ has been used by 
General Motors Corporation* as a fuel suppfement in fossil 
fuel fired k^<2^rs.(7) Most of the work done by the^Gerjeral 



Motors Co^rporajion has utilized corn stover The sugar re 
^fining mdustry utilizes baggasse as a source of tuel for 
power boilers Baggasst? for catt|£ fe^ed competes with this 
usage ^ . ^ 

During my.<hildhood and many of yours, home'heating 
depended up6n wood from farm woodlots The utilization 
of plant wastes directly for heating and power generation is 
not new, and various schemes are currently being proposed 
which 'would produce agricultural c'rops for utilization 
either directly or indirectly as fuel Several innovative tech 
,r^tques h^ve been si^ested for utilization of plant wastes 
Plant wastes comprise about twice the total volume of am 
mal manures and could m many cases be harvested as cyr 
rent harvesting machinery passes through the fields The 
remov4l 6f plant residues will obviously deplete the fertility 
more rapidlj^than simply harvesting the gram, so any pro 
gram to uXifize these as energy sources must consider both 
the loss of nutrients as well as any loss of desirable physical 
properties of the soil that may result Both hydrogenation 
and pyroly^s could be used on a commercraf^cale for the 
coi^version of plant wastes into fuels However, a strong m- 
<erest has developed m the bioconversion o{ cellulitic plant 
materials mto fuels TheUvS Army's laboratory at Natick, 
Massachusetts Pollution Abatemerit Division [13) has (k 
veloped an (Jnzyjnatic hydrolysis system fo* ConvertiJ 
celluhtic wastes to glucose by utJlizapon of an enzyme pl^ 
»d by a mutant fungi fhis n;iethod has been used to 
^ert wQpd wastes, garbage and waste paper to glucose 
The first step is the preparation of a sulfide pulp of milled 
cellujos^ which is com6ined m'a reactor with the enzymelo * 
produce a glucose syrup This syrup could then 'be con^ 
verted to either foo'b, single-cejl^ proi^in. fermentation 
products or alcohol The alcohol would bo a direct 'replace 
rpent for gasoline m marv^ cases eitfier as an admixture oC^ 
a pure material for mternal^tombustion e/igines,The key to^ 
this process is the prqduction of a hig^ puality cellulase 
Qnzyme cQfnplex^ftich is capable of hydrolyzmg msolOble^ 
crystalli?*? cellulose to glucose >n order to make the ptoc 
• ess succeed it is neo«e«ary*to mill the^ substrate and reduce 
Its cryStallr^tty which i^ an energy-intensive and costly proc. 
ess in ydropulp'ng^as^beert examined as a substrate pr^- 
treatment and, while this process hold some promise, there 
IS a solid vva«e residue produced ihat requires disposal. 

^$59s^» heat from 'power generation plants. -especially 
nuclear and large -fossil fuel plants, has beer; used fex 
perinifntally to^^goi^ance the production of agricultural 
crops {6, 9, 12) While^#erBancement can b^ shown by 
elevation in temperatures, the total amount of waste heat 
that would be ugiizec^ m this method s^ems to be very 
limited Much of the intereM m waste heat utilization by 
the power gen^atjon compar>ies is simply to find a better 
method for di^sposal of tjieir heat whVh is environmentally 
acceptable {12) White utilization in high latitudes during 
thejcool season woufd certainly bcbeneficia*. it-is doubtful • 
that the long t^ansmksion.^dista/ices required could be 
'justified Probably the bast u^e tjhat can be made of waste 



heat would be fof direcbspace heating in areas adjacent to 
power plant. Sites [tO] or f)o$s»bly in mariculture''where ele 
vated temperatures in raceways and ponds might stimulate 
tVie growth and production of fish, shellfish and aquatic 
^plants {1/12) Processing plant thermal ^wastes represents an 
energy source that can be utilized more efficiently but 
usually ;reqtwres.plent redesigQ As an example, th^ citrus 
concentrate plants in Florid^o^V utilize a large quantity of 
their waste he^t {o dry citrus pulp which is milled into hve 
stock feeds In fhc^rocess, water from evaporators and 
wash water is used to scrub stack effluents and recover 
fly that would have been ar^air pollutant as well as con 



' dense soluble materials. The water is#evapot^ted. the mate 
rial recovered and df*ied with a siz^le saving in energy and 
a reduction m both thermal water pollution and air pollu- 

, tion This "System has been adopted by most citrus concen- 
Uate plants that produce citrus pulp for animal feed* A 

» mbre advanced phototype citrfls corrcentrate plant elimi 
' Odtes the boiler, uses the vapor from thp evaporated jujyce 
directly m the process of heating as w6ll as recovering t^ 
waste heat from the cirtus feed mill to f uUher Qpncentrate 
the luice The plant now in operation offers ^h§ possibility 
of reducing the energy requirements 30% and the produc 
tion of thermal effluents and air pollution 



. Utilization of Wastes for Energy on the Farm 



According. to a necent study dorj^ m FlOrida. agriculture 
and fishcfie^ use 106 7 million ^(pns^of diesel.'SB'B mil 

'liQn gallons of gasoline and 27 3 million gallcfns of LPG' 
each^e^r Wl^ile this may nof cotistitute a large percentage 
of the total energy use in the U S,^ it represents a purchased 
inputs the cost of which can onFy increase M/ith time Conse 
qOeotly, it rr\ight be wep to examine potential rriethQjJs for , 
incfreasing tt^e fuel^^ efficiency oj'farm opecbtToas by the 
utilization o*f wasted as energy sources Aparf frjrn the pos * 
siblp, production of methane 'from animaf wastes *for on 
farm use, there are several other ideas tljat could be ex 
plored In Florid^ a^ in most of^he U S grain i^dned after 
harvesting or during liarvest E's^iznat^s aj^ tliat for t'eld' 
corn 4 6galloY)s of LP fuel ara used fpr grain drying and 3 3 
gallons of gasofme for harvesting *Sjnce less.'jth^n half the 
fuel burned by the Combine fs used (iireetly to drive it and 
the cest IS v\««e heat, why can't this heat be utilised to dr^ 
the ^fatfi as it's being harvested"* Currently tViis fipat is sim 
ply lost^hrough the7adiato^|||||| exhauit Obviously ther^ 
would Kaye to be some redesign of equipment, but with 
ctirrent cost of gram combines^ this additional cost might-' 
repr^ent a small peroehtage increase and gould repre^sent a 
reductidn m producer costs 

•Being even mofe iVnaginaiivbr'One could visualize ^rain 

*sftaw or qprn stover as a source of energy to drive's^ ex 
ternal •combustion gngir^e to power the harvestm^^equip 

'ment ^nc/'fuel the gram drying mechanism On ar thermo 
dynamK: basis. J 36 gallpn|^of gasoliVie and the 4 5 gallons 
of propane *could be replaced by ab6ut 1 15 pounds of corn 
stover .or straw This- is an extremely small percervta^e of 
total, residue Moi'e^^er, the equipm^^nt |or handling or 
harvesting tbe stover or st^•aw is already present Probably 
only that which iS^Vejected as chaff and dgbrts by thetom- 



bln^ vyould be adequate 'to fuel '^n external combustion 
engine External combustion engines such as steam.engines 
or the StejiMTg engine (7|) might be used 1 atn not (Quali- 
fied to cooiment on the engineering feasiBility of such an 
idea 1 Simply offer it for consideration. The ol^ problem of 
fuel, supply such as co'al for external combustion engines or 
'wat«r could be alleviated with tbe Sterlmg engine sines the 
fuel IS cirawn m as the tiaruestm^ equipment moves througlx. 
the field Since therfe is ho external fluid ih a cohtained sys- 
tern, no watef and boilei would be present In this way we 
might completely eliminate dependence on fossil fuels for 
most* harvesting and gram djying equi()ment. While this 
does not represent complet(?Qi;ra fuel sufficiency.it does 
represent a signrficant decrease t^sjdependerjce orr/fossil 
" fuels by agriculture and opens a chVllerrge to the research 
community In a sipnifar manr^er. it' isa conceivable that it 
might be possible generate srfiali scald Coiitiolled .com 
bustiijfi equipment to produce syrithesis ' gas and ammOnia 
directly on the farm» Wouldn't it be an exciting prospecf^ to 
^ harvest grains by' power from plant /esidue, convert a por 
tion of, t^ie residu^ into ammonfa so th^t it would "be^rtl- 
mediately injected into the soil for a double cropping sys- 
^ tem so that ih addition to'Viarvesting one would be fcrrtjUz- 
inp^ followirv^XCop at the same time^ ' 

The indepeQiipnt. waste energy farm offers an exciting 
challenge. The possibility for agricultural science *»d*tech 
nology to devise a system of vvaste^fene^gy utihzation that 
makes farms Uess dependent on fosSil fuel will ^nefitOt he 
^ country and the producer by^'^owermg prod Jction^ costs. 
. reducing adverse environmental pollutants antl increasing 
profits a benefit to the farmer^anrl to the rest of sociely 
as well * * ' ' 



i . t/ ' Observations • - ' 

idyllic scenario, I would like to make a themselves m being useful, but they may have become too 
,few "phil&sc>phica> observations ,Ajjricultural'faculty pr^de ^^util'tanarv and not suM^ciently egalitarian FortowingW#ld 



Af^tcr that rat^ idyllu 
icar*< 




War il the growth m both industriaf and agricultural Hech- 
<nology was'truly amazing The economics of both victor and 
vanquished flourished fcfr three decades. 8?| science grew 
up in tli^ 60s/an3 agricultural science grew as wel^ Ento- 
mologists contr^llgjl^nsects with irwecticides, agronomists 
J^grew corttinuous monocultures with cheap sources 
nitrogen.and other fertilizers, and animal scienti: 
hbrnnonesT drugs and antibiotics to produce more aidless 
%■ expensive noeat*, ail of which promised to solve many of 
. mankind's problems The sciervtrTt^ became a technologist 
"fme tuning" the* agricultural machine with ,hnear pro- 
grams, complex statistical designs using high-speed, digital 
computers vvhich could de^tect smalteV and smaller.sigptfi- 
' cant differer\ces,many of which became increasingly less inrv 
portant while 'mahy major scientific problems receded or 
passe<^ by. Agricultural administrators became bureau- 
^crats caught up in th^ maze of rules and regulations. \ 
When SitenV Sprmg was published,* tnere was what I 
♦ *fOuld «^ sliocked resentment among agricultural faculty. 
When CPA was created and started witlidrawing cj^micals 
and enacting rules which dealt fiWh agrici^tural pollution,*' 
' even tfie^Secretary of Agnculnire sai^e \Vifl have to de- 
cide which 20 miUiorfT»op1e in the U ^. wogfd rtarve'* 
- "yard Tomat(^s, Hard Tim^" really zeroed in on us in 
Florida, apd ^e reTuted much of the dbwous (niJii>forma« 
. tion. The Ppund report on-, agricultural research is sWll d* 
bated^and much of it probably niis'understood. 

Agriculture Kas its detractors, bpt pe'rhaps we fcec&me 
too defensif!^. If our* detractors are wrong, thM will pai; if 
^ttiey are right, we have real problems and we^fiacf better 
^d^al with the real pro^terAs. It-took Silent Spring to awa^jt^v 
us from decades -of pesticide use* anct discover th^ we 
were growing 'tcfo dependent on -chemical pesticides an^ m 
some cases were making pest protilenis worse. „ * ,x 
'"We need tobefuturfsj»c bec^se scientists working on to- 
dayjs proWem will produce »?olutions to yesterday'* p^pb- * 
lem. tomorrow We need to loqjc over ih§ honzon and wofk 
^.on oroble^ns <hat dbn't even^exist H'problenrtCvlhiCh'the 
I lay person may not understand. - \^ * " 

Since this me^ti^ is about energy,, what is tlje philoso- 
phical pomt^- 1 don't* kno^ the*precis^ lapint'of D^r. Pimen- 
tal's wo(k (//) ft may not even be very*accuratS because' 
•all the ifiefficrencieS in' manufacturing ^re aggregated inlo 
"agricultural production. If one^n'sideVs the total biomas* 
produced by agricul^ire which natural systems ^Idgis^s 
often do, then- 1||& efficieflcy may be 5 or e^n 10:1. The 
main poir»t may be that Agriculture ^ri^w? as scientists have 
growf><Joo ^dep*ndent upon thinking about purchased m- 
puts and resources as the mafn logr^^tmts for;^ viable agri- 
cultures' It has required' someone witi^couMge, perce^Jtlon 
and foresight" to challenge us and-a political enefgy crunch, 
to awaken us tp*a r^al energy dilemma. Hopefully^ tKis wlU 



serve to sharpen our scientific senses and direct our a^en. 
tion to basic problems wl^re we Can 'serve mankind through 
our professions ^ 9 ' « ' 



Table f 

Heat Value of Agricultural Wastes and Fossil Fuels 



Manure' 
' Chicken 

Cfairy ' 
^ Beef 

Turkey 

Horse 

.Swine 

Sheep 

Plant 

Corn Stover^ 
Straw 
Wood (oak) 

Urban Garbage 

Fossil Fuei 
.flikiaP . 
OiK 



—I 

Btu dry pound 

5822 
. 7100 
6425 
^5ft)0 
6984 
7304 
7666 



7500-8500 
7500-8500 ' 
&320 

,.5000 

8J0(M50G@ 
' * ^8.2000^"*^ 



Source. ^ Azevedo and Stout, Umve^sity of CahfOfnu;^GrMn, > 
' CMC', -^Suttiff »«ld (EPA). ^Hammond, Met? and Maugh, 
AAAS, • , - . . 



> ^ Table H ^ 

Million of Tons of Dry ^Organic Wastes 
Produced in the Uf rted States in 1971 



^ /^'urce 


Wastes 
Generated 


Readily 
Collect^ 


^ricultura'l Wastes' ,^ 

Animal Wastes - ' - 
Agncultural Crops: B{)od 
- Lqiging and Wood Refuse * 

• Total Agricultural Wastes 


. 200 
39a 

'55 


26.a 
22.6 ' 
5.0 


64€ 


' 5a6' 


NoruAgricultural WJ^es *. 
'Urb|n Refuse ./ / 
^lMnici(ftl Sewage (sludgej ^. 
IVTdUstrial W^st^s ' 
MisceWaneous^ 

Total Non'AgrkJulWal'Wastes 


ia9 , 

'13. 
44 

^ 50 


71.0 

1.5 • 

5.2^ 
' 5.0* 
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B80' 





^urc6 



^ ERIC 



83 



And«ftorv. Bureau of M*n«i 




( , 



Reftrences 



1 Aiabaiter, J L.. "Ejects of Heated Discharges on Freshwater 8. 
Fishes in Brixain," m BiologKst Afp«ctt of Thermit Pollution, ' 
•d t>y P A Krenkei and F. L. Parker, Vanderbilt University 
Preu. NashviHe. Tenn. 1969 pp 354-370. St 
2. 'Anderson, b. L., Energy Potsnvsl from Organic ii^tes. A 
' ¥i§w of th9 Qusntities *ntf Source. US Department of 

Interior, Bureau of Mine« Information- QircuJar 8549 }072 ^ 10 
16 pp. ^ ' *. ;/ , 

3 «AnonYmous. "From* Agricuitural Wastet to Feed or Fuel," 
Ch^mKSI Enginwring N0WS. ^oi 50, No. 2?> 1972 pp 14-15 . ' 

4 Anthony, W. "Canl^ Manure Re-Use Through Wasteiage 
feeding" Animsi Wtsxt MMf^tgement. CorneU University Con- 
iercnce on Agriculture Waste Management 1969 pp, 105-113 • 

5 -Azevedo, J and P R Stout, F*Tm Amma/ Mtnures An Ovtr- h, 
¥tew of T^ir.Ro/e mshe^griculwrsl Environnpent, Extension 
Services Manuai 44, paitfornia Agricultural Experiment Sta- 
tion. 1974 107 pp. ^ * 

§ Boersma. L . "Warm Water Utilization/; m Proceedingf oi-the r 
Con/9rvK9 on 3eo€ficisi uUs of ThBrmtl Dischsrges. ed. by 
S. P Mathur and R Stewart, New YoUt State Depannr^enx of 
EiWironnrtental Conservatioh September 17.18, J 970 pp. % 14 
* 74. 107 * ♦ 

7 Green. F 1. . "Energy Potential from Agricultural F»eld Resi- 
dues," presented a\ the Special Non>nuclear Technology Ses- 
sion of the Meetim/ ol American.Nudear Society, New Orleans. 15. 
La June 9\3.,>975 17pp 



Hairmond, A^ L . D Met2 and T H Maugh tl. "Energy and 
^thrf Future", Ameriqan Association for the Advancenr^ent of 
Sciyce, WasKington, D. C. 19>3 184 pp. 
Jer&n, M H , "T^e »Uje of Waste rrr-Agrictjlture," »n W*s^ 
Hm Utilization, e<t by M. M Yarosh. Proceedings of the Na* 
ftionali^onfcrence* Gatlinburg, Tepn. 1972 pp 2J-38 
Miller, .A J, "Urban Use of Thermal Energy 'frorn Steam- 
Electric Plants,*^ i« ^tste ^ifst Utilization, ed. by M. M 
Yarosh. f/oceedings of the National Conference, Gatl^nburg, 
' Tenn. 197? pq^7;76. . > . ' 1 - * ' ' . 

Pimjintal. D.iL E^H'u&i.-A; C. BeflOti. M J Forster. J N 
Oka. O. D Shole* arid R. J Whitman, "Fo^Protiuction and 
theEnergy Crisis." 5c/tfr)ce. Vol 182. 1973 pp 443^9r - 
Rykbost. K A . L. Boersma, H J. Mock and W. E Schinrmeur. 
"Crop Response to Warming Soils Above Their Natural VTem- 
perature," Special Report 385, Aa(>£}Utural ^penmewt Sta- 
tion, Oregon ^tatc Unlver$^ty^5*rv3lll^<9M 98 pp 
Spano, L. A . J Medeires and M Models, ^ nty matic Hydjol- 
ysis of Cellulate Wastes to Glucose'^^ United States Army. 
Natick Laboratories. Pollution Abatement Drvision. Food 
Sciences Laboratory 1975 31 pt> 

Sutterfield, W and F, g WisJey, "Refuse as Supplementary* 
Fuel for Power Plantj," Proceedings of symposium on SdkJ 
Waste Demonstratron Pr^^ts. Unttfd States Environ^ntai 
Protection Agency, <SW-4p) 197,1 pp" 129-147 # 
WalVer. Graham, "The<Stcrling Engine," Scientific America, 
Vol 229, No 2. 1973 pp 80^7 • » 



' ^ USING SOLAR ENERGY IN AGRICULTURE 
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df Solar Energy for theDrying of Peanuts, forage and Tobacco. ' 
Coastal Plain Experinr^ent Station, Tifton, Georgia. 



All plaits and ihlmal> arrdependertt-either directly i^/ 
Indirectly upon solar energy as the sole^ soujcte of their 
^energY- through the process of photosynthesis, water an^ 
cartxsn djp^ide.are converged into sugar, the radiant energy 
of sunlight is thus cort>(|rt'ed'to chemically bound energy in ^ 
the -most basic form. Both the*^most modern -and most 
primitive forms* of agriculture are de^ndent upon <he 
orocess of photosynthesis to capture and^ore solar energy. 
^ Thts. however, is about^the only thing which primitive 

^ and nr>o^Jem form* of agriculture have in common. Modem 
agriculture is'yery energy intensive. With the development 
of the internal combustion engine, it became possibte to re- 
' placcianimal^poWef with me^nioal power. This gave the 
farmer greater capacity to do work^ allowing him to conv 
p/ete aM operations in the production sequence in shorter 
time, ^lant breeders quickly took advantage of this, ^nd 
developed var^erties and hybrrdswhich would utilize the full 
length of the growing seasbn. With many cropj. this required 
that th^^icultgre be Aen hnore energy intensive. For ex- 
ample^ com utilizing the full growing season in the com * 

• belt does not have favorable weather for drying in the field: 
, As a result, from 2 to 3 timei as much* fossil fuel energy is 
requir^ tp dry the crop*as is required for all operations for* 
producing.^ ^ • 
' Inexpensive patural ga^was used to make ammonia to' 
supply nitrogen^ to cropsf again 'to increase productivi^. 
Very ^high productivity is obtained in some arid areas 
through irrigation. This practice is very energy , intensive. 

' Twenty (imes as much fossil fuel energy may )» required to 
provide irrigation water as is required for aH other opera- 
tions for producing that crop. ^ , * . ' / 
Cheap energy, and the dev^loppients which' it foster^fJT * 
has allowed 'one U.S. farm worker to supply food aild 
natural fiber for himself and 50 otKer people. Although this 
mirade of U.S. agriculture is vecv energy intensive, the 
^nergy input into producing and*^ivering our agricultural 
abundance amounts to only about 2 1/2 percetCTof -^ur . 

Tbtal ene'rgy consumption. ^ 

As we look to alternate enerjy sources^ it is natural that 
we. especially in agricufture. loqk to solar energy. Thisinex- 
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rtaustible scairce pf energy supplies* the U.S. with^boul|500 
times^ much energy as- we use annually from alLot^er 
sources.2 Not only is this'supply'inexhaustible, it is also 
non-polluting. However,^here are negative aspects. It is not 

r continuously available, arid the relatively low intensity re- 
quires large collectors p* deliver significant amounts* of 
energy. applications other 'than direct thern^al, a con- 
version njjp be made. 

It is estiipated that about 1.87 Quads (Q » 10^5 Btu/ 
year) are currently being used to dry aops ^uch as grain, 
tobacco, peanuts find forage crops, t<^ heat livestock shel- 
ters and facilitiK and to -heat greenhouses and rural resi- 
dences.3.4,5,6,7.8 Jhe major portion of ti^is energy is re-^ 
quired for residence heating. All these could'Use the thermal 
♦er>ergyof the sun without any energj^ conversion. 
• The energy potentially available is ^wn for different / 
latitudesjWigure 1. This assumes a horizontal surface and 
no atmosphere" ifiterference. The energy dbtually C€<S5ived 
will vary widely, depending i^n the j^asoj^nd lo<al - 
weather (^ncJirionS, Generally speaking, the^ii^hest in- 
tensity and largest quantj|f/ of solar energy^^ailable ani^uaily 
in Jthe U.S, occurs in the Southwest ^ithjhe Southeast f^P- 
lowjng. For example, fop Tifton, Georgia the minimuni^ 
energy recorded durirfg the past year ¥wsl83 8tu/sq'. ft./da| • 
and the maximum was 2881 Btu/$q. ft./day (Table 1). Each 
year^ ri(iore than 500,000 Btu ^re received per square foot: 
This is^uiyalent to more than- 5 gall6ns of LP A 

^40' X tOO' borage jhed with a flat roof*would thus receive 

fthe energy equivalent of 20,0(}0gairons of LPgaS ahnually. 
^y making the roof 'slope 4o the south, the energy received 

' would be increased. ' . ■ • 

4 For the energy to be useful, 4iowever, it rnust. 
tected. Solar collectors may be classified broadly as ^ith< 
flat-plate^ or foowsing. with the flat-plate dAignation in- 
cluding $olar»ponds. tubes and the like. Th^ flat-plate col- 
l^ors are generally limitwhto maxirnurn practical tempera- 
tur^ oi less than 250"^. where^ the^foculing aillectors can 
prepuce temperatures ^f several thousand degree^. Diffuse 
radfation can be collectecl t|y the flat-'plate type of col-< 
J^or, but direct radiatiof) is necessary for the f9cysi4% 



, Figure 1 « 

Isolation on a Horizontil Surf jwe at Different Latitudes , 




SqlarN^^tion 



Table 1 

at Tifton, Georgia Since February 1974 
(Recorded on horisntai surface) 





Btu^'ft 


Time 


Mininnim Daily . 


183 




'l^ximum Q^ily ' 

^Average Mihimom 

, Avera^ M^imum « ' 


• 2881 
1006 
2032 


f 

Dec 
June 


Aoul Per Year. ' 
/ 'f ^ J 


534,000 dtu sq ft 



^^pplk 



collector. K^ost of the ag^pultur^ applications require 
^maximum temperatares ran^in§ froni> \^ than 100l= up- 
wards, making the flat'plate collectorjdeajiy.suited. 

Although the maximum temperatures may be low, .the 
V total ener^ requirement for a specrfic appli^tion may be 
great This coupled with the uncehair^ty of^ppiy dictates 
storage for most applications. When «air is used as the 
iViedhiiyi to tr,ansfer heat from the collector, rocks are often, 
, UMd as tbe storage mediunrl^ This is a telativefy simple pro* 
cedure and, fo^ some applications, the a if may be drawn 
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directly iif3s(\ the collector throdg^ the storage media and 
then to tbe/crop being dried or tfie facility being healed. 
During periods of solar radiation, the storage media/will 
absorb heat. When the sun isn't shming, air passingymrough 
the media' will pick up heat stored previously. Waur offers 
^more versatility 'as a s'tbrage media. It does, however., re- 
quire s6me sort of heat exchanger. This may ran^from a 
simple pipe layout, if the stored energy is used forh^atipg 
a building or greenhouse, to a more efficient radiator- type' 
heat exchanger* when the stored energy is to be used^ for 
crop drying. * * 

Even tbough the solar er^ergy is free and the cost for 
pperating the pump or fan to move it fro>n the collector 
IS very small, the initial cost for the colfectof 4nd st'orage 
system is substantial*. Siryre the collector and norage sys- 
tem cost is fixed, the systeit) ^hdOld be designed for rtiaxi- 
nujm' annual use. Just as it would be gnprofltable^r an 
^ elQctflcJpower company to f^ovideigeneratt^ capacity for 
'.an irrigation system. which would be used twice a year, it 
I would probably be uriprofitable for a farmer to put in a 
solar collector and storage syste/n vvhich would used for 
only one or two weeks of the year. Thus, solarenergy will 
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probably *not be used much unless its cost can ^ reduced 
•(by using \t throughout the year) or unlefs other sources 
* of energy are no longer available. * ^' / 

The Enefg/T^es€arch,and Development Agency (ERDA) 
believes that solar energy technology offers the potential 
for supplying as much as 25% of our energy Seeds by the 
year 2020 (Table 2) if cost of collecting and*utilizing can*- 
be reduced Jubstantially.2 ^ y 

• Table 2 

Estimates of the Amount of Energy to be 
* Supplied by Solar Energy 



Conversion Technology 

■ ^ 


4 


^ear 




1985 


2000 


2020 


Direct Thermal Applications 
&lar Electric Applications 
Fuels from Biomass 


.2Q* 
.07Q 
\ ,5Q 


3Q 
5Q 


20Q 
15Q 
lOQ 


Total Projected U.S. Demand 


\100Q 


150Q 


180Q 


Estimated % of the 
National Demand 


\o.8- 


7 


m 

25 



•Q - Quads -iCJOl 5 Btu/Ycar 

ERDA has defined eight national energy goals to giude our 
country's progress toward energy innepende^^These are 
1 Expand the domestic supplAbf econRnicolly re- 
coverable raw materials used fSir producing energy. 
2. Increase the utilization of 'ejsenttelly inexhaustible 
domestic energy resources.^ t ^ 

3 Efficiently transform fuel reaauTces into more desir- 
able forms A, 

4 Increase the efficiency and^■eliabllity o^the processes- 
iTsed in the energy .conversion and delivery systems. 

5 Transform consumption patterns to improve energy , 
utilization. , ^ 

6- Increase end-use efficiency 

7 Protect and enhance the general health, safety, wel 

fa^e^nd environment related to energy, 
:S, Perform basic and supporting research and technical 
r services telated to energy 
. Of these eight goals, solar energy can contribgte signifi- 
cantly to four^of them 2, 3. 5, and 7 Solar energy c^n be 
converted into useful forms by 5 basic technologies. These 



are. thermal, electrical, chemical, biological and mechani- 
cal. These may be grouped into three-principal categories, 
direct thermal applicatipns, 5olar electric applications and 
'fOels from biomass. 

The direct thermal applications technology forms one of 
the four major program^ units within the Natior>al Solar 
Energy Pwogram. This unit comprises two major si^pro- 
grams. (1) the solar heating ^nd cooling of buildir^s and 
the supply of service hot wajer, and (2) the use of solar 
energy to supply heat for agricultural applications and for 



to ysi 

in^ustriayprocess heat applicalio'ni (Table 3). 

TafelQ 3 

Estimates of Solar Energy for Direct Thermal Applications 



Heating and Cooling 
Agricultural Applications 
Industrial Application^^ 


Year 


1985 


2000 


2920 , 


0.15Q 

0.03 

0.02 


2.0Q 

0.6 

0.4 


15Q 
3 

3 2 


Total 


*Q.2Q 


3.0Q 


' 20Q 



ural Residences 
in Systems * 



;Q - Quads * 10^5 Btu/Year 

ERDA has made funds available through ARS for research 
related to the latter subprogram. This is divided into four 
categories; " ; 
Grain Drying 
, * Greenhouses an<i 
Linstock Produ 
' Peanuts, Tobacco and Forages , 
Through a pnncipal investigator for each of the four 
categories, research is contracted with both educational and 
non-educational research centers. Gram drying research is 
now into Its second year, the greenhouse 'and rur^l resi- 
dence group has almost completed its fir^t year and re- 
search related to livestock 'production systems and drying 
and curing of peanuts, tobacco and forages was initiated 
July 1975. 

From research programs such as these, it is expected 
that solar energy applications by the year 2020 will supply 
a substantial pdrt^oo of the energy required for the pro- 
duction of our food and comfort. 
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ENERGY USB AND CONSEIRVATION IN THE 
CANNING INDUSTRY A, , 



Manager, Chemistry Division 
National Canriers Association 
Washington Research Laboratory 



First let me say that t am not an engineer«v| am an 
fnalytical food chemist *that somehow got into the energy^ 
field in a verykmall wly m late 1974 and early 197$ as a 
result of the/energy crisis that hit this country in thtf' 
winter of 19^3^74. Tha^ winter, ^energy was the topic of 



conversation by nearly everyone trt>'n(! the homeowner to 
presidents of the nation's largest companies, 'It soon be- 
came apparent that energy conservation was goihg to be 
a necessity in order to survive. - * 



Cahnln^Operations that R^uire Energy . 



The variety of unit operations that* require energy and 
that are necessary to prodo^ the thousandsrof thermally 
processed, products each year is almqst endless. Also one 
must remember the seasonality^'of the canning industry 
whid\iispr<)bably one of its niost outstanding characteristics. 
Many ^^^d food producers achieve year round operations 
by varyiag'their produce line and taking advantage of "off 
sefison" production T>pportuniUes. However « ^ basic sea- 
sonality imposed upon the Industry by the harvesting schCd* 
ule of the products to be canned is a fact. M^ny plants i/^ 
the industry ar9 not in significant production daring qff^ 
season periods but still must maintain heating or cooling of 
officesandwarehousesretc. which require ||*rgy and power. 
Waste disposal requires continuing energflnput even "Sf^er 
actual produptffin Kas ended* 

For Jjrw acidjoods the most significant' energy require-, 
hnent is the commercial sterilization or thermal process- 
ing operation. Processing temperatures fo? canned products^ 
are carefully designed to make certain that all organisms of 
public health significance are destroye^^^These processes , 



must he established by competent atithorities qualified vy 
proper^ training and exp^rienceiHYrtlitX'highty iSpeCtattzed * 
field. Absolutely (t^attempt at energy conservation should 
be made by making adjustments in thesexritical operations, 
For example, retorts or cookers must be properly. venled 
to nuke certain that all air pockets are removed before the 
vent IS closed and timing of^the process' is^ actually started. 
Air pocki^s trapped in ttje loaded retort^will impede heat 
^ tfansfer tcf, the canned products and can re^lt in seri- 
ous understenljzation. Proper venting may.reqi/ire that re- 
torts be exhaust^ through ^ide ope^vehnts for periods. up 
to tiv^ minutes or longer; it is concgivable that.anlininiti* 
ated con«ervat[^oi^ enthusiast mjght preceive venting sched- 
ules as an^ obvious opportunity* to^jave stream by reducing 
venting^^times. Although there may be opportunities to re- 
cover ijiiat from exhausted ^steam, venting schedules must 
be established by competent people and must be religiously 
adh^ed to. Obviously, the saffie considerations apply lo 
the hea.t processing step itself. 



Conservation l^easuret 



The orgafvflfl^n of a conservation program must first 
have the commitment of top management to see that the 
job gets done. The necessity to focus managerial efforts 
on intensive campaigns to conserve energy resources is rela- 
tively new to most cohlpanies. Until recently, energy cos6 



in thiSoCOi^ntry were n^ stiff iciently.high to repay intensive 
conservation Efforts. ^ * 

Priorities utili2ed to deal with, the current fuel emergen- 
cy of^y be summarrzed in the following manner but may 
not be the same in all companies. < 
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Emergency FueH Allocations. ♦ . . 

Make whatever fuel allocation decisions thU^re neces- 
sary , to stay tn productipn. ^ ' 

Good Houseketping^ Utility Cdns^rvation 
Measures Must Be Enforctd ^ ' 

We Will {alk about these a littje lajer. 



V In order to measure the effectiveness of the utility con- 
servation program it is necessary to have* ^ ' 

^ (1) An accurate, metering the utility input. Jhis in- 
cludes electric powvr, fuel, water - all energy should 
\ ^ ^ converted to common units sueh as Btu's. 
'"Ijfi) Evaluation^ of production in terms<Df energy used 
per unit output. This could be,, for example, Btu's/ 
* ^ standard case of food or for that matter - Btu^/1 000 ■ 
lbs. of finished product. 

The audit should cover all enfergy sources utilized by the 
company such as power plant fuels of all types, vehicle 



En^neering Coristderattons , «^ 

Money to recover utilities-utiliza^fci of waste heat and 
reuse of water. 

Evaluate Opportunities for Alternate Fuel Systeitis 
in the Event Thai This Should Become Necessary 




fuels {carjj trucks, forklifts. etc.) electric power.and natural 
gas. Electric power and^gas would probably be from metered 
records and. in addition, accurate records of bottle gas, 
gasoline, coal and certain other fuel'^Ns woulb have to be 
kept separately. ' / ' 

The-ijest place* to ^start a conservation program to elim- 
inate the wasteful use of energy Would be^housekeeping 
operations. Manv of these housekeeping details are routine 
and are operations that many people ignored while energy, 
cost was negligible. Therefore^^the benefits from such a pro- 
gram will depend on. the ^gree ot wastefulness that had 
been allowed to develop prior to high energy cost.* 



The following is a' gr'eatly dibbr^iated Version of house- 
keeping hints,that foay be hplpful in eltminating wastejful 
enbrgy^jses. . \ 



-C on se fvat ton in Housekeeping Operations 



i 



Li^tinsj 

(II All lighting except for securiw ahji safety should be 
turned off when not jn use. TinrtS^wTitchei for interior 
lightirrg and photo cell switches for exterior lighting 
sljould be conskiered. Lighting in areas other than 
work areas can be reduced; . , 

(2) Use fluorescent, mercury^' or sodium fix^tres where 
V i^asible rather than incandescent since they deliver 

moreriigbt per kilowatt hour. ^ ' - ^ 

(3) Install separate independent lighting circuits arki 
^^switdlfes wherfe it Is practical to provide for localiiai 

Hflhtjg of work afreas. ' t ' . L 

(4) Replace age-yellowed prismatic panels and lodvers. 
Up^to 1 5% improvement in lighting efficiency may be 

^ ' realized,' Consider group instead of singula^ bulb 

J* I* replacement. ' \ 

(5), Keep lamps, fixtures and^reflecting surfaces clean. 
Post irtstructJons for operating, cleanirig and mainte- 
nance of light fixtures.*- ' , 

HMting 

(1) Office templrJtures should be held to no^more^an 
68 The use of personal electric hpaters^ wasteful 
but cdlild be permitted, under extreme or* unusQal 



conditions^ Keep windows free of obstruction for 
maximum sunlight and keep wirtdows ^^Vid doors 
closed. Time controlled thermostats fori lower tem- 
perjturesjaftec working h^urs*can save ^fairamount 
yf of energyT" ' '1 

(^) Maintain clean filters m heating and ventilating sys- 
tems. ' - ^ ^ : 

(3) Control the make-jjp air -temperatures a^nd quantities 
•in ventilation systems to a^minjmum. 

14) War4^uses Vvhich are not ^sed ofterv should be 
heated to no more than ^0*", while 50'* dry bulb 
? -temperature may be sufficient for finished product 
warehousing. Employees working in these areas c^n 
^ wear jackets or .sweaters at no ceductioji ih vydrk 
efficiency. ' ' » { / 

(5) Particular! attention should be p|nd to keeping ware- 
house doors closed to th'e n^ayimum extent possi- ; 
ble. Conflruct entrance ports.for large doors leading 
into plantXor offices. Cpnsider the u$e of carpet to 
reduce floor heat loss. " ' 

(6) Consider, night ti/r^e and weekend shutdown^ of 
boilers used ulr heating only. ^ * 

- 1 



Water 



The supply of>vater requires ener^ for produ5Jj4jf?I 
. transportation, purification, and waste treatment. 
^ Consequently, saving 'water will save energy and 
^ dollars.' V 
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'(^r^top leaks and use automatic-off faucets or shut off 
water lines left running for no reasorw 

(3) Consider reducing the temperature of hot water for 
personnel use and turning water heaNing down or off 
.on weekends. 

(4) Make a thorough 'study of.lhe use of processmg 
'*''V(dter with the objective of accomplishing rrecelSary 

washing and cooUng without waste and with the 
maximum reuse of water; 

(5) Consider clean-in-place systems fdr speafic applica- 
» tions, \ » . ^ 

^electric PowBj.^^ ^ 

{1) A systematic review 6f the entire electnc'power syi- 
' tem should be made. Adequate instruments - volt- 
meters, RPM indicators,^ etc. - s^iould be used m 
this review _j. 
'(2) Overloaded motors waste power in the form of heat 
»^ and are obviously undesirable because unnecessary i 
stress will shorten the service life of the motor. 
^Underloaded motprs al^o waste power. 
t3) Loose drive belts" Waste power - check,^these rdU- 
tinely andalso check lubrication of drive equipment. 
>(4) Do not operate standby equipment when the pri- 
mary equipment can carry the loa^. Turn off electric ' 
motors durtng no^Hiroduction periods. - 

~ ^ ^ >' ^ ^ ' \ 

Steam > - >■ 

*. . - » 

(,1) Check steam di^stribution.Systems from boilqrto end; 

of line for losses and remove unused and unneces- 
sary steam piping. 

(2) Repair valve seats to preve^=5team lealvage into 
• empt^^j^torts,' steam kettlel, etc. a 

(3) inst«||^1sqd maintain st^m tr.aps at the end of steam 
; maQifolds at r^rt instaD^tibns. It may be worth- 

vyhile to p^pe the steam exit of the traps to a return 
*iine to be used to warm make-up watpr^for boiler 
^ operatibns^ 

(4) Keep heat transfer surfaces cle^n dnd keep msula- 
\ tion in good condition. 

(5) Check condensate return' system for malf^tion- " 
^ ing traps and leaks in the line. * 

(6) Check for excessive steani, vented to ain\osphere. 
't7) Periodically check^ ^feam-using^quiprfient even in* 

^^chers, heat excharf^ers, exhaust boxes, cookers, 




retorts and kettles for operation 
' ture and the absence of leaks. 

Boiler 8r Power Plant Operations" ' 



on atylf^e 



•er tempera * 



(4) 
(5) 




(1)^ Continued training of boilerj operators is essential ~ 
particularly in f«|l tpad operation, wjth«alternate 
fueft " ' , 
(2/^ Each boiler installation should include an on-steai^ 
gas analyzer to measure directly the volume by^Der- 
cent of oxygen and combustibles m the flue gases. If 
there Ts excessive air in the flue gases, the boiler fuel 
settirigs shogl^rbe corrected immediately. ^ 
(3) Hach installation should have and use a stack ga9^' 
^emperature monitoring device* 
Instrumentation a.nd aiuxil^.v equipment must 'be 
kept in first-class' condition.^^ 
Boilers should be ti^uentiV checked for cleanliness 
coQjlitibn, ipcludin^^ \ 
dirty;^ burners — inefficient burners should be re- 
^placed^ ^ * * 

' , cracked or loose refractory, especially around 
* drumheads „ ^ 
^oose Imkages or stack dampers ' ^ , 

la^ in^boiler control leading to im[5%)per oxygen' 
content in fluejgas. - 'i. • \ 

' aU surfaces of drums and tubes 
.(6) Reduce boilers to low pressure on wee|<ends or dur- 
ing low or non*productron shifts, use minimum pres- 
^eand^number of boilers, possible. \ * 
Recover heat from was^e steam. ' 
If cans are cooled <n the. retort, suitable pipihg 
arrangements, can be made to utilize the initial hot 
water ft((J||Diler nlake-up water. ^ ^ 
In water processing of glass.^ntaif er.$t, the steam* 
water fnixture frohn the pressure" regujatingi valve ^ 
overflow ^cpuld~be^used for boiler make-up water, 
or for heating bQiler m"at(:e-up water. ? 
If a vent blow-down manifold is used at retort in- 
staflation$> a wat^r line instelled in the manlfqld 
could Utilize heat from the steam for preheating 
boiler make-dp water. Rerfieiriber that? the vent 
' manifold^ has to be large enougl^ to meet GMP 
regulations 21 CFR 128b, sljbtracting the^^rea 
occupied by the water line. '-^ 
Makeeffective use of competent consultants. 
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Just a\few energy savrng tips on raw product handling 
may be wortffwhiJe., , . • , . ' .' . 

(1) Reyiew product recieiving, i^old stoVage, handling 
^and cleaning pmethods to deftermine whether engl- 
\ ncering changes are feasible for energy or water con- 
" ^ servation. * ' 



ndllng and Cleaning ; ' 

(2) Use gravft^low wherever possible. , 
(3y Schedule full and continuous prbdiictior) Joads 

whenever^ossible. ^ '\ ' 

(4) Minimize water itse consistent with proper cleaning 
and investigate dry cleaning possibilities. Re-use • 
water by counterflow where possibly. * \ 
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(5) Determine whether reduction of wash water tem- 
perature IS pract icab ly « « 

(6) Do not J preheat blanching ^equiproent befoffe it's 
necessary ' , - * 



(7) I nvestigatA alternative blanching procedures and 
J avoid urineceS«rv cooling of blanched procjuct. , ~^ 
r (8K Use msulation where needed tl^nnmimi^e heat loss. 

\ . 
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Process Equipment 



1. Adequate venting of from retorting equipment and 
continuous free stearrTuow from the bleeders is essen- 
tial for-safe processing. Never attempt steam conser- 
vation by decreasing retort venting or^closing fetort 



b/feders. 



2 Avoid preheating and venting continuous retorts 
before the time indicated as necessary by .the pro- 

y 



diction schedi^le. 

3. Consider insulation of retorts to prevent loss of radi- 
ant heat and mihimize employee heat exposure. ^ 

4. Check air equipment foj leaks to reduce compcessi«n 
tinae. Compressed air is a co^y utility. Inspect and 
rev{ew all plant operations to locate and eliminate 
unneCessar\l or wasteful uses. ^ * 



Equipment Maintenance 



Preveotrve maintenance of all equipment in a canning 
piaot IS essential in achieving peak efficiency. While this is 



no^doubt already a^rnajor^^featur^ of canner/ operation it 
must bexloi^ly emphasized at this tirrie. .J . > 



Conservation Progress in the Canning^lndustr 

■f 1973-74 It became apparent that energy 



^ In the winter 
conservation was koing to be a serious t^siness. NCA Re- 
search Laboratory Personnel organized arr^^oc committee 
of canning md^try engineers to coordinate conservation 
efforts and poo/ideas on specific measures that were under 
taken in their /espective tympanies to cut energy use to an 
absolute minimum. This confimittee helped produce several 
mailings to NCA members Sharing energy saving ideas.'The 
first format publication to re^utt froflfeH^^lafland Com- 
mittee efforts^ was p^r Bulletin 36 L Energ^^^^^rvation 
in the' Canning Industry issued m April 1974 Much of the 
information giveA earlier m this p^pdr actually came from 
th^tj>u||etin. ^ ' , ^ 

Later in ,1974 then»^cretary of Interior, Rogers B.* 
(yiorton, Chairman of^ the President's £r)ergy Resources ' 
Council ^rid Commerce Secretary Frederick Dbnt, launched 
•the admin fstratibn's program to encourage voluntary energy 
conservation *efforts:in indfistfy. At a meeting ^of trade»asso-''^ 
ctation ej^^cutives in Npvembe'r, each tradp group was chal- 
-lenged tor obtain agreement of its members to implement, 
^iconservatjpn program with ^peoifi,0><Tjng and^short^rm 
goM^jj^fif^ttJi a reg^ar procedutb for repoMing reHtlt^. ' 

In January of^jl;iij year ou^ad htoc\pomoiittee,met w/ith 
DOC officials to discuss*^ organ izatipn of a procedure to 
survey the canning industry and^omtp^^ results Of their^ 
conservation ref forts. Two, goafs were Established jTy f'he' 
administration/ * • » 

■•fl) reduction of oil imports by 1 /nHlion barrels a day by 
the end of 1975 and (2) art eoergy conservation of, 15^by 
1980. using 1972 as the base year for comparison purposes. 




We ware requested to obtain and compile da|rt)n total 
energy usage and total product* output, and to repor^^, 
monthly data at quarterly intervals to the DC^C. Td'fa^^^'J 
tate inter industry jjompajisons. we were requested Xoltik ' '" 
port our data in terms miilionl of Btu's f^lQOO lbs. 
(label weights) of fintshai product. This, of course, includes 
the packing /h^'dia 

Our mailmgoftyrvdf forms reached the'cannin^industry 
near the end of f^ajpuary of this y€?ir, initial results were 
cei^rted to the pOCin May and wer6 updated in June 3975. 

update included results for the first^uailer of 19^5.^ 
We have since reported -ta QOC results for thjB second 
quarter. ^ \ ^ 

T^J)te 1 sHows the ^updated result? riported to DOC 
Energy usa is reported »n.ternffs of Btu's/lb. of finished cut 
o.f*prod_uct. 



A 



Table! 

Measure ojf.€nergy<:on$eiaratjq'n 
^ Cartning Industry" ^ 





1972 


1 3 

1973 . 




f^odyp^on 
' (LaWlWt. lOf lbs.) « 

3 Bti>(l09)i^""-' 

' Ratio ' 

* * IBtw/Label Wt. lb.) 

' Percent Improvement 


20,74^* 
, 47,434 

2,287 
Base Year 


21,762 
48,096 

> 2,210 
3,37' 


46,-157 •* 

2a109 
, 7^78 
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, » In 1972 production was 20 billion, 741 million pounds 
using 47 ttiHjon^ 434 billion Btu's - or 2,287 Btu*s per 
pound of finished product - using t972 as a base» an energy 
savings of 7.78% was realized in 1974. These data represent 
an estimated 68% of the tow! annual production of canned 



foods in 1973. Estimations wer^ not. made for 1972 and 
1974. 

Figure 1 illustrates energy use per foOO lbs. of finished 
product^ as reported to DOC. Data' were presented on a 
monthly basis. 



BTU'S/l 000 LBS 



Figure 1 

Energy Utilization per 1,000 Pounds 
Finishied Canned Product 
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The predommatiftg seasonahty of the canning industry is 
immediately apparent. Tlie curves have the expected shape 
with energy usage on a unit output basis reaching a m'tni- 
mum during the most productive month of August Septem- 
'ber, 6ctober and June August is the month of highest 
produMion followed by September. These months accoun; 
for substantially more than 50% of the total production of 
the reporting companies. Dur4ng the period covered by the 



report to DOC the month of highest energy ^nput occurred 
in February 1972 at 3.55 million Btu's per 1000 lbs. finished 
. product. 

Figure 2' emphasizes the 'point tAat maximum energy 
^sage in the canning industry occurs in the summer months 
during p^jods of reduced domestic demand. 
The -^otal energy used by all companies responding to the 
survey is shown on a monthly basis. The number of com- 



TRILLION BTUS 



Figure 2 
Seasonality of Energy Use 
Total Energy Used by Survey Respondents 




pantes lespondin^ in the thfee years re(^rde<J is approxi 

*mately, but not • exactly-, equal. Maximum energy usage 
occurred in September * ' ^ » 

Let's now take a* look at factors that may complicate 4 
conservation efforts The htghlv seasonal charaCier of the 
tanning industry is well illustrated by the dat^ presented 
. figure 2. A substantial majority of the tot^l energy 
required for, the annua} product<on of canned. products is 
used in o^i about 4 months of the year-the summer 
month"} Thy !>«asonal character then presents d sever^ chal 
leVye to the industry's energy consei vation program Fruit 
and vegetable cannerSjn particular are at the mercy of the 
yveatherand uan exefCise only limited contiol Over the timing 
and rates^of raw product aruval The nature of the harvest 
!>€ason can dramatically affect the results of 'the best planned 
conservation effort For example, m the edily part and near 
the end of each Season, it is frequently necessary to fire up 
the power plant and hold the production line m readiness 
for' receipt of raiA product, only to find thai unexpected 
weather conditions have totally interrupted the expected 
harvest schedule and little or no raw product arrives at the 
plant These false start ups are difficult to avoid and obvi 
*ously are costly m wasted energy Intermittent production 
days in seasons of irregular har7PSt*f««uJting from unfavor- 
— ^Ig w G Qth c r c <HH4^^ioos--af€'^t>--eo5fly-~^fv-tef^m-ef-enefg¥^ 
use per Uf^it of finished production 

It shoufd be eviderit that production volume exercisei^a 
drdfnatic influence, on energy utilization efficiency Gkher 
factors not entirety within the control of the canner include 
produrf mix, ur the thermal processing requirements of the 
canned product in production. Compliance with OSHA, 
EPA, FDA, USDA and. state and local regulatory require 
ments c^n totally offset conservation efforts. 

in Order to illustrate how this can come about I will try 
and^ relate to you the expense of one meat canning plant 
In 19?1 the plant had an energy^yse efficiency of 3.2 million 
Btu's fler 1000 lbs. of productipn, This plant had installed 
a hydrostatic cOoker which eliminated a number of stHI 
retorts and would have expected to bring about a substan 
tial reduction in stearn requirements. Further. gthe plant 
installed an automated smoking unit which should have ^ 

^'resulted in more efficient control of this operation. 

WorXing against these energy conserving steps was the 
installation of several heated >nake u^ air ventilation ur>its 
and exhausfers, added to Jhe plant to satisfy Health Depart- 
Inent ^nd USDA requirenients^^eam and power require(*V. 
to -operate these units amounted to 0 97 a^illion Btu's per 
1Q0O lbs '^f finished productt A second and extremely 

„ important factor operating ^g^ms^ conservation efforts was 
a substantially reduced total volume of fmished product 
output, the 1973 production totaling only 85% of the total 

- label weight of the product produced Iri 1971. AJI of these 
factors a'dded up to an energy use in 1973 of 5.4 billion 
Btu's per '1000 lbs. That is. it took 2 2 'billion BtuVmore 

' to produ<^e 1000 IbS. of product in 1973 than fn 1971 An 
interesting observation, however, is that 44% of the increased 



energy input was accounted for by compliance with govern 
ment repuirements * • 

Let's now look at. the future of energy sources to the 
canning industry The most convenient affd certainly the 
cleanest of our energy sources is "natural gas " 

An article in the weekly, energy report put xhe concern 
for, natural gas in perspective by saying "There is a mass of 
evid«nce pointing to the fact that United States gas reserves 
are now being pushe^j^Ward exhaustion " As proof of this 
statement, interstate pipelines curtailed over 650 billion cu 
ft of gas m the first quarter of 1975, some two and one half 
times the.curtailments ift the first quarter of 1974 

What does this mean to the food*i/idustry.? Tff^bituation 
IS quite serious*in California, all interrup)^bte gai users have 
been told by their supplier^ thai tKey-JCan expect 100% ' 
curtailment by 1978. Thjs/ti^ans that cannefs, like all olhers, 
^must be prepared to switch their boilers to an alternate fuel 
when the curtailment cdfnes. Problems Absolutely no stor 
age capacity for alternate fuels and. in addition, not enough 
tank trucks to haul the fuel We at NCA and the canning 
industry ^re strong advocates of well-head price deregula- 
tion which wOuld add large new gas reserves. This would at 
least give c^nners^^imeio make the necessary adjustments in 
switching from qsts to an altern^ate fuel 
- -Fttef-oth- preset^t-ariother— complex -5ttudtK>f>-4n^h4<ih— 
almost ar>ything can happen. There ere optimistic predic- 
tions that plenty of Oil will be made available, but vyhat of 
ihe ever present threat of new Arab-lscaeli conflict and 
arT^tt^er oil embargo which this time would really cripple the 
world's economy. For the forseeable futur^ the food indus- 
try will continue to obtain all its oil ne<Kls under the present 
allocation priorities However, as more and more gas users 
i^onvert to Oil, there is i good chance of a supply crunch. 
Every canner should have a reliable oil supplier, and at least 
10 days storage^capacity. ^ 

Some actions that the Federal Government should take 
• to help alleviate the"energy problerrv^re 

• Postpone strjct^air quality l aws This would allow 
Utilities and other TargS^ffiF5y usisrs to convert to 

* coal fi/ed boil|rs and take pressj^re off oil and gas. 

• Gradually de-cOntrol well Ite^Apriceof new natural 
gas and old oil which woU;^Bermit operations of 
fields now closed in or curtailed due to econopnics. 

• Push development of natural gas lines from Alaska 
* and Canada * 

• Force regulatory agencies to adopt reform proce 
dures. ^ 

It • Give natural gas prioritfes to agriculture, food proc 
* essors. can making plants, transporters, etc This is 
urgently needed, in order to ensure constant food 
suppliers. ^ 

• Suspend air quality laws to eliminate gas after 
burners ' / 

• Exempt- food processing frqm proposed sunimer 
peak load pricing of electricity becaQSe of its puni- 
tive effect on a seasonal industry. 
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ENERGY AND THE U.S. FOOD SYSTEM 

' W. L. Harris 

- Professor and Chairrrtan^ 

Department of /Agricultural Engineering 
' ,^ University of Maryland 



\ for the past two decades, the^U S had abundant'supply 
of relatively low cost energy With thg aval [ability of this 
energy, our economic and social activrties became energy 
intensive indicated by a doubling of energy consumption 
between 1950 and 1970. The energy was used to obtain a 
' high level of diets and to obtain mor^ and more material 
comforts for less and less human effort 
<^ The U.S. system for producing, proces^g, marketing 
and utilization of food and fiber is typical of our energy 
intensive society. Elements of the system rely heavily on 
substitOtion of energy for humeri, effort. In conjunction 
with other contributing factors such as new crop varieties 
and animal breeds and improved^cuttur^l and management 
• practices, the overwhelming success of the system has been 
, attained principally through the increased ^utilization of 
- energy. The increased use of energy has resulted in increases 
^ m umt productivity on • our farm s_ arid ranches, a wide 
spectrum ofSvholesome and nutritious consumer products, 
and the releasi of a maior portion of our population from 
menial, tedious and economically unrewarding tasks. 

•A review ^f Our energy consumption patterns and' the 
availability of energy resources in'the U.S, will help to pvt 
^ the energy consumed in the food^ System in better perspec- 
tive. In 1972 the annual energy consumption was approxi- 
./martly 77. x 10^5 Btu or the equivalent pf 36.5 million 
barrels of crude oil per day '(7) The major categories of 
energy con sumpgon are' transportation 25%; industry 29%, 
electric utilitiej- 25%; and residential/commercial 21% 
*,* About 95% of the U.S. annual energy budget comes from 
i fossil fuels with 46% being obtained from petcoleum. 32% 
from natj^al gas and 17% fronvcoat. Hydroelectric genera- 
tion accounts for about 4% and nuclear energy 1%. Approxi- 
npately 84^ of^jhe annual bud^^t is produced domestically 
with the remaining imported as crude oil Or ga5. 

Until 1 974, domestic energy.demand h^d been increasing . 
between 4-5% annually. The U.S. was self-safficient in . 
energy through 1950 when dependence .On^ foreign oil began. 
I The situation deteriorated very rapidly Bnd by 1973 im 
^ ports of, foreign pil'increased to 35% of ddrrjestic petroleum 
demand Estimates of our rfepletable energy resources are 
indicated in Table 1 ^d the rene^abl^resources are shown 
in Table 2. ^ j^. ^ ' - 




Table 1 

Estimates of U.S. Depletable Energy Resourced Expressed 
in Units of Annual Energy Consum^>tion (2) 



Resource 


Recoverable 


/ Totah 


Co'kl ' 


125 


1300 


Petrolei>m 


5 


280 


Natural Gas 


" 5 


110 


Oil Shale 




, 2500 


Nuclear Fission 


117 


• 765 


Nuclear 'Fusion 




1016 


Geothermal Heat 


' 0.i2 


>660 



Table 2r 

Estin}3tes of U.S. Renewable Energy Resources Expressed 
in Units of Alinual Energy Consumption (2) 



Resource. 



Continuously Available 



Solar Radiation 

Wind Power 

Sea Thermal Gradients 

Hydropower 

Photosyjjlhesis 

Organic wj{es * 

Tidal Energy 



740 
5 

:^6 

0.14 
0 23 
O.T ' 
- 0.1 



Although the eDnbrVonic National Energy Policy is di- 
rected Jtoward self sufl^iency in energy by the mid eighties, 
^ there are strong ipclijations that the U.S. will continue to 
depencf upon oil iml^ohs^^-to help meet energy needs for all 
of the eighties The problem in increasing domestic oil 
production I's fofmicj^hie. ^Efforts must be devoted to bring- 
ing new« welts in tp pfodjCiction ^nd to decreasing the declin- 
ing Q<jtput fr9m exiJtmg yvells. Crude oil production has 
been declining smce 1975 3nd the most optimistic outlook 
IS to arrest cyrrent dec^fie Until after the oil from Alaska's 
Wor'th Slope starts flowftig abound 1978. 

• Increases in natural gas^ consumption have exceeded new 
discoverifes»srnce 1^$8 end the potential for e)<pai»ded pr6- 
duaion IS limited to price afid'envirpnonental constraints. 



Current research and dev;llopment oo gasification should 
'produce a limited quantity of high-grad^e.fuel 

After years of production at the' 1940 levels output of 

.^coal »s now increasing. If the probleins associated with 
environmental concerns, avaifabifity of skilled ^abor and 
Equipment can be solved successfully, production should 
reach one billtonrtons a year ,by 1980, Potentialjy, coal 
could yield as much as 45% of the U.S. energy needs, 

^ Generation df electricity with hydropower is not antici- 
pated to increase much abo$^ the current level of 67 million 
kilowatts unless tidal energy can be harnessed. The few re- 
maining suita^^e' hydropower sites ^would conflict with 
.environmental interests. — 

Nuclear energy, once believed to be the best ^ance for a 
rapid increase in U.S. energy production, has been plagued 
by technical and regulatory difficulties. Today less than 50 
plants are producing about 6% of tlye nation's electricityi 
Another 50 are under construction and'overlOO plants are 
in various phases of planning. At least 100 should be m 
operation in the early eighties with theyJep^ity to providb 
up tc>v30% of electrical jj^wer requirem%nts. * 

Ci/rrent research and development activities should pro- 
vide practical means of increased utilization of solar energy.^ 
wind edergy and bio>mass conversion. However, it is not 
antictoQted that these sources will have a n^or impact on 
the overall energy demafKis. 

A^hougb our present systenyof prociuction.' processing 
distrtbution'andconsumptipn of food and fiber hasJbecome 
highly deper^dent on abundant, low-cost sources of energy.^ 

, the utilti^tton patterns wi|^in each segment are not weU- 
jcje(med. Even the overall magnitude has not been clearly 

' estabhshe((.'B*st estimates are that only 12-15% of our an- 
nuai energy budget ^ing used by^ the food and fiber 
system. A recent Teport of the U.S. Senate's Subcommittee 
on AgriculturltlCreditand Rural Electrrfication {3) indicates 
the following energy was utijized ,in the U.S*. food and 
fiber «ystem in 1970. j 

' ^ The data Id Table 3 do not include energy requirements 
of the 'commercial food fishing industry, commercial 
forestry, and processing, marketing and retailing of fiber 
products The total of 4.700 trillion Btu's compares vvith 
other studies which have indicated the total food and fiber 
system uses from 6,100 to 8.600 trillion Btu's. 



i Table 3 
Energy Utilized in U.S. Food System in 1970 



Functy>n 



Farm Prbduction 

Farm Family LivingVroduct 

Food and Kindred Product 

Processing 
Marketing and Distribution 
^elected Input Industries 



BTU 
(Trillion) 


Barrels of Crud 
(303) 


1,051 


181 


*555 


'^96 , 


1.302 


178 


833 


144 


925 


160 



Probably the rfiost comprehensive analysis of the total 
energy utilized in the U.S. food system was made by Hirst 
(4) tiSing 1963 input/output economic data. Another analy- 
sis, was made by Steinhart and Steinhart (5). Both sets of 
data- for the various segments of the food system are pre* 
sented m Table 4 • . 

Table 4 

Energy Utilized in the U.S. Food and Fiber System 



* Function 


Percent of Total 


. Hiftt 


Steinhart 


0n-Farm Production 


18 


24 


Processing * * 


33 . 


24 


Transportation 


> 3 




Marketing (^olesale & Retail) 


1^ 


14 


Household Preparation 


30 


23 



The current energy consumption for on-farm production 
IS approximately 3% of the total U.S. energy budget. About 
half of the energy is used directly oni arms to operate trac- 
tors, trucks, combines, irrigation systems, milking machines, 
'feed-handling devices, brooders, cropdryiria and condition- 
ing equipment. The remainder is consumedih the direct in- 
put and service industries to produce and supply fertilizers, 
pesticides, petroleum products', machinery,, constract40n 
material, wi»e and the m^ny oth^6r lt^ms required by on- 
farm production units. ,1 ~ ^ " 

Over 75% of the food and fiber grown on farms is 
processed before -shipment to point of final demand. The 
degree to which food' is processed is related to the distance 
from the farms to population centers) income sufficient 
to permit the purchase of processed foods and the value of 
convenience. 

Tjbe temporal and spatial characteristics of energy inputs 
into the production -phase of the system have beerva factor 
tn the development of a strong and reliable tr^nsp<iirtdtion 
system which is highly dependent upon availabiHwy* of 
energy. Many food products are in a highly perishable Con- 
dition and. theref9re. both the quality and quantity avail- 
able to consumers today are dependent upon the same 
transportation system. ^ • ^ 

Food trading consumes almost as 'much energy as agri- 
culture does \f\ producing the fqocj. Approximately 75% 
of the energy is used m the retail trade settor with t(ie 
remainder used by the wholesale sector., Indirect require- 
ments such as construction of'retail food stores'and the • 
manufacture of fo9d^ storage equipment are included in 
the food trading function. - * 

The household preparation function utilizes approxi- 
Ihately 26% of the food and fiber energy*l)udget. About 
^5% of the energy is used in th^ operation of stoves, refrig- 
erators and freezers for preparingrand storing food. The 
remainder ^ used in transporting food from stores to hemps 
and m the mar\ufacturing and marketing of household kit- 
chen equipment. * ^ ^ 
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^ It IS essential ^^at''more accurate data ebout the energy 
utilized Tn our food production s/stem be determined to 
provide a basis for measwrmg innprovennents in the systemr 
assessing the impact of national policies on the system, de 
ter mining^ the effects" of conservation an,d or alternative 
practices on energy utilization, and establishing research 
priorities with greatest potential for developing new energy 
tpchoologies m areas such^'as under utihzed energy^ sources 
and the energy potential m food and fiber by products 
AgricuUure through the ages has been involved m ^he 
conversion of the sun's electromagnetic energy into chemical 
energy rough the important biochemieal process known 
as p^iotosynthesis The manipulcftion of plants and their' 
environment to maximize the conversion process has been 
arid Will remain an extremely vital factor in helpin'g agfi 
culture meet the food requirements of the^i-vorid's popu 
lation An indtcatrOQ^ of the degree o*f the success [6] is 
shpwn in Table 5 



Tables ^ ' 

Food Production by Photosynthesis 



Organic Matter 

^'"^ ((KCAL/m2)(day)) 
» ^ 


fjplar Energy 
Efftci&ncy 

(%) 


Not Subsicjized by' Fossil Fuels 




Farms^n U S . 1880 ^ 1 28 


0 03 


Qraio,^Africa. 1936 &J2 


0 02 , 


Subsidized by Fossil-Fuels 




Rice. U.S, 1964 ^ ^ 10 


0 25 


Gram, North.America. i960 5 


, 0 12 

3 ^ 



The manipulation of animal production practices has also 
irtvolved extensive use gf energy with a resulting increase in 
productivity. Some of the STOjor returns (7) received from 
the manipulation of our plant and animal production sys- 
tenns through the increased application of energy during the 
period 1950-1973 are presented m Table 6 



Tables - » 

Agricultural ChangerAssociateB with 
.-^ Increased Ener^y\itihzation 1950-1973 



Farm production increased si% 
Hours used fo> farm work dropped 59% 
Production per'unit of input increased 53% 
Production per houi'^pf labor'jumped 274% 
*' Prpducjnon per acre fncreased 65% ^ , . , 

Landuse for crops decreased 6% 

Farm popOlation de5^lined 59% while nonfarm population 
increased 56% 



these data indicate, the application of energy has 
increased our capacity tcJ produce food and fiber with less 
I drudgery and more efficient use of homan and land re- 
/-» sources Imprcfved water control, better soil preparation, 
and more «?fficient weed ancf insect control have been kev 
factors in increased productivity Properly applied mechan 
ical techniques of harvesting, harKlling, drying, storing and 
processing o? products issavmg more of the yield and matn 
taming it at ^ higher qyality Timeliness and precision of 
production functions have enhanced the maximi,zation of 
production of each unit of land area and animal production 
* ^ units While these'factors can be quantitatively measured, 
the reduction of the laborious and tedious aspects of farm 
tasks, improvements m the health and safety of the mdi 
^ • vidual, and the fulfillment of human desires and enhance- 
ment of\iignity achf^ved through the increased u^e of 
• energy are eK^emely important but aredtfficult tomeasure 
in quantitative terms 

In 1973 the estrmated amount of petroleum fuels used 
. by farmers was 8 billion gallons, 4 billion of gasoline, 2 5 
bilhqn bf dieset-and 1 5 billion of LP gas {3) The consump- 
' tion of dieseTand gasoline fuels was equivalent to 10% of 
the total U.S consumption and the LP-gas use was about 
/ 1 7% of the total ' In addition over 40 billion kiloyyatt hours 
of electncity'were used 

The utilization of this energy and the Returns obtained 
have received a great deal of attention Detailed an^flyses 
have been made to detern:iine the average energy inputs into 
a few of oqr 'production systern^s but the relationships 
am«ng« the funct4onat aspects of an operation and»*the 
^erg'y ingots are masked To put the so called energy utili 
zation indices in bet^r perspective, -it is necessary to ex 
amine the tasks performed with the energy If the end ob 
jective IS ^o produce food evaluation only on the basis of 
calo^nes or Btu's, output can be mt^sleadiny Not only are 
components other than calories important, in determining 
food value,- the availability of energy for human use must 
be considered 

Energy inputs may be classified as those expanding the 
area cultivated per worker or materia) hancled per worker 
and those used chiefly to increase output per unit of area 
or to prevent loss of production or product A tot of the 
energy input data prasented was taken from the corppre- 
hensive study (5) made by the University of California and 
the California Department of Food and Agriculture in )973 
. Energy utiUzed m various production operations for 
selected field crops is presented in Table 7 Data for selected 
fruit and Vegetable crop^ are shcJWn in Table 8 ^ Energy 
utihzed in livestock activit*es rs indicated m Yable 9 

A summary of the majOr energy inputs for the selected 
field crop IS presentejJ in Table 10 Information for the 
selected fruitrand vegetables is shown in T^ble 1 1 and the 
livestock summary is presented m Tabia 12. 

When the ratios of the end product caloric»content are 
compared vvitfi the fuel and electrical energy used to obtain 
that product, a given ratio decreases as the degree of pro- 
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Table 7 ^ 
Energy Utilized.in Field Crop 'Operations 







" (Kcalx lQ4/tpn} 


\ 


operation 


Alfarf^i' 
* Hay 


8arley2 


Corn2 


'Sice^ 

*• 


Wheat3 




Crop Establishment 
Cultufal Pr<ictices 
Harvest 
Transport 
Process 


2 43 
0.51 

3 87 
, 2 10 


^ 12 6/ * 
0.03 
6.56 
3.14 
2 96 


llt)0 ' 
2 84 
4 03 
4 02 
2 96 


• ' 14*35 

11 57 

3 04 
50.88 


12 85 
0.03 ' 
6 63 
9 6a 
4 82 




Total (Kcal/ton) 
s .(Kcal/aVe) 


8'.ai • 

50 79 


25 36 Y 


24.85 
66 65-;/ 


* 79.34 
219 48 


- 33.93 
4-2 92. 




'Sales 2 Feed , ^Food 






t 










' * Tables 

Energy Utilized in Fruit and Vegetable Production 












{Kcal X 104 /ton) 








Operatfon 


Green Beans 


Lettuce 


Potatoes 


Apples 


^ Oranges 
« 




Crop Establishment 
Cultural Practices 
^ * Harvest 
Transport 
Process 


"11 16 

6.35 
32 98 

261 

3 42 . 


5.00 
2.33 
^ 341 
2 75 
» 3.42 


3.03 
1 43 
. 3 02 
2.68 
3.42 


- * ^ 062 

*' 9.17 
1.84 
1.38 


O.Bl 
2t27. 

2,43 
1.38 




3 28 - 






Total ( Kcal/tonK ' 
^ (Kcal/acrel 


72.52 

' iieoa^ 


16.91 
191.42 


12.58 
203.54 


16 29 
188.64 


10.06 
57.24, 



Table 9 

Energy Utilized in Livestock Operations 



Operation 


{Kcal X lO^/ton) 


Dairy 


Beef . 


Hog^ M 


Broilers 


Eggs 


Feed Transport 


12.78 


26.97 ■ 


1,27 


6.21 


' 2,05 


Husbandry 


17.99*' 


109 65 


72.78 


' 139.65 


71 66 


Market Transport 
Process . 


0.67' 
30.81 ^ 


7.7& 
28.24 


^ 0'39' 
'24 47. 


1.84 
^ 48.'4i 


^11.61 
11.97 


Total (Kcal/ton) 


62.25 - 


r72.62 


98.91 • 


196.11 


97.29 


|Kcal/anif1r>al} 


388,78 


. 91.83 


1 n47 " 


411.83' 


• . 6.08^ 



'.1.000 Birds ■ 2i. 000 Eggs 



^ Table 10 

Major Energy inputs for Field Crop Production 



Table 11 .* 
Majbr Energy Inputs for Fruit and Vegetable, Production 





.Energy Input ~* 


1.000 Kcal/ton 


\ * ^ 


Energy Input — 


l,Oi)0 Kcal/ton 


Crop 


Mec^an^zed 
Operations 


F^ertiHzer' 


, Irrigation* 


Total 


Crop 


Mechanized 
Operations 


Fertilizer 


Irrigation 


Total 


Alfalfa Hay 


89 


28 


183 


323 


Green Beans 


725 


443^ 


651 


2.04B 


Barley 


253 


168 




479 


Lettuce 


^169 


125' 


92 


4B4 


Corn • 


249 


331 . 


388 


1,027 


\^ Potatoes 


' 126 


' 79 


64 


^25 


Rice 


363 * 


323 


. 379 


. 1,185 


Apples' 


163 . 


60 


90 


401 ' 


Whea; 

f ' 1 ' 


339 


170 




565^ 


Oranges 


101 


123 


183 ' 


1.089 
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Table 12 

Major Energy Inputs for Livestock Production' 



Crop* 


Energy Input — 


1,000 Kcal/ton 


Mectianized 
Operations 


Feed 


Dairy » 




2,516 


Beef 


; 1,726 ' 


41,696 


Hogs • 


' 99 \ 


14,616 


Broilers 


196 


7.522 



cessing increases For example the Califomja data indicate 
.545 for rgw green beans and 288 for canned green beSns,* 
1 267 for, raw apples an J 266 for canned apples, and .246 
for raw broccoli and .133 for frozen broccoli 

Statements have been tnade that primitive agriculture 
systems produce as many as 50 units of energy Jpr each 
unit of energy input Other statements have indicated that 
the modern U S. agnoufture jys\em is much tess^eff icient 
than primitive agriculture ^systems. A comparisofi of data 
obtained irxa recent *study of Korean agriculture with data 
from the California study wffi help to put these statements 

=Tntoi3etter perspective. 

A total of 4,040 mar^ hours and 10 hours «f animal 
^ower ar^ used to produce an average of 1 1,245 kilograms 
of apples from a cheongt3o (2.4506 acres) of land. On bar 
ley farms in the mddle region 1,315 map hours and 75 
animal hours are used per cheongbb, with an average^yiefd 
di 2, 476 kilograms of unhulled barley In the same region 

^ 1,623 man hours and 95 animal hours are used^to obtain an 
avera^ of 4, 662 kilograms of unhulled rice. 

The average l^^orean receives a minimally adequate diet 
of 2,486 calories per day The human energy input is based 
upon the equivalent number of 10-hour days required for 
each crop. Oxen are the only significant source of animal 
power and the energy input is based upon the work output . 
of an oxen being one horsepower with a feed conversion 
efficiency of 50% Only the time involved with a specific 



forma data incidates. 1.79 vs 1.27 for apples; 4.69 vs. 6.61 
for barley, and 9.01 vs 2.55 for rice. 

While 'many factors are currently acting to produce addi- 
tional supplies of fossil fuels, to develop new energy tech- 
nologies and to reduce total demand especially for fossil 
fuels, the outcome will in all probability have costs not 
only in terms of money, manpower, materials, equipment, 
natural resources and environmental effects, but will in- 
fluence the social, and cultural aspectl^of the United States. 
Of utmost importance is that Americans must develop a real 
understanding and concern about* the food and fiber sys- 
tem. This concernViust go beyond the desire to maintain an 
adequate food sudply at reasonable costs. There is a need 
to understand th^t whatever happens in our system in- 
fluences the world marketplace -as well as the availability 
of a basic food diet for the people of the world. 

Our food apd fiber system substituted low cost energy', 
primarily in the forms of fuel and fertilizer,, for land and 
labor If energy ^oitages and price increases continue,, 
there will be an effort to re^verse the above process - sub- 
stitution of land and labor for fuel and' fertilizer. A reduc- 
tion in fertilizer application rates will require bringing 
greater acreage under cultivation to make up for the de- 
crease in yieJds This expanded acreage will place greater 
demands onjiand labor tha? will be used* to reduce fuel 
consumption. Since much of the labor would be used in 
rural areas, there would be a movemeot of the people 
from population centers back to the areas of expanded 
agriculturaf s^tivity. 

With the increase in petroleum prices, renewed interest 
IS emerging in the production of wool, cotton and silk to 
replace synthetic fibers. The shift back to these renewable 
resources vyoutfcl mean a change m life style as well as in^ 
cl-eased pressure on population shifts to*meet the demands 
associated with increasing the production of these products. 

The utilization of low-cost energy to manufacture com- 
mercial fertiliftr resulted m.a decline in the use of animal 
manures as fertilizers As'fertilizer costs go up more-animal 
manures^will be returned to the land. However, going back ' 
to the use of horses and mules instead of tractors is neither 
logical nor possible in the immediate future. 1t would re- 



crop IS Charged to that crop with the other tim^ assiJmed to^^-^^ Squire eight years just to produce two million head of live- 
be charged against another activity Therefore, the total mah stock. The United States had more than 25 million head 



and animal input energy per acre for the three crops is 
apples 5 6 x. Ip3 kcalones, barley 39 4 x 103 kcalories, 
and rice 49 9 x 10^ koBlones The caloric equivalents of 
energy required^ for prqaiiction are 716 x 103 kcalorips for 
the 450 pounds per acre for rice, 712 x*1p3 Vcalories for 
the 405 pounds for barley, and 1,432 x 103 kcalones for 
the 900 pounds used for apple production 

Based upon average yields of 5.059 tons of apples per 
acfe,'i:il4 tQps of barley and 2.097 tons of rice, the re- 
spective caloric contents are 2.57 x 106, 3.527 x lO^-and 
6.905 X 10^ kcalones. Therefore the ratios of caloric con- 
^nt to energy ^input are- 1.79 for apples; 4.69 for barley, 
and 9.01 for rice. Comparison ofthese ratios with the Cali- 



pnor to 1920 when we began to mechanize agriculture on 
a large scale. We would need even more work animals today 
to produce food for a much larger population. Mor^ im- 
portantly over IC/I^ million acres of cropland-, would be 
needed tb feed the work animals. That would be approxi- 
mately one-third of the cropland that is Currently being 
used to grow crops. As we look at history, in no area of the 
world has agriculture, dependent upon muscle power be it 
animal or human, been able to provide m farm people 
with much more than a subsistence leve^ of living. 

Agriculture in the western United States is heavily de- 
pendent upon irrigation for adequate mOiSture for crop 
production. The pumping of water from deep wells Ve- 
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quires'large aflbunts of energy High cost of energy for 
irrigation would probably force a shift in production activi- 
ties to areas of adequate ramfalL 

• High cost energy will meaVi more expensive transporta 
tion upon which our current system is so highly dependent 
In genera), as transportation costs decreased, agricultural 
•produq^ion moved farther and farther away fronn our popu- 
lation centers. Increasing tran>portation costs will favor 
expancled production nearer population centers and the rail 
mode of transportation which is less energy intensive than 
the truck mode The shift in production would be especially 
true of highly perishable products which req uirej^ efrigera 
tion during transport to maintain quality 

The implications that^the production ilctivities will be 
cqme located closer to population cesners will probably 
result in marginal cropland being brouyt back into produc- 
tion Again lower yields per unit andfthe potential for 
creased soil ^osion could result 

A demand for high protein diets i\ ttie form of milk, 
eggs and meat was generated with our increasing level of 
affluence during the past two decades [ tets including these 
Items ere more energy expensive in terns of food calories 
than a basic diet of cereals It requires se veral times as much 
, gram to produce animal products as v^uld be required if 
the grain was eaten directly. In addition\ihe higher quality 
djfiU.-4«Molv« 4he~foods-w***€lvh^«-tl>e- h»gis)ei t f uet -ener^— 
requirement when all production, processing, marketing 
and preparation phases are considered. Therefore, scarce 
and expensive energy could result in an impact on the 
kind as well as the cost of our diet. 

t Highly processed convenience foods have been another 
result of our low-cost energy and increasing affluence For 
example, frozen dinners require large amounts of energy to 
make»and continuing energy inputs to store theminthe<r - 
frozen state Plastic ftim and aluminum, which are desirable 
packaging materials,^ require large amounts of energy to 
manufacture. Consumers will probably decide that the time 



saved with high priced convenience foods is no longer as 
important as H[ once was The degree to which many food 
products other than conVeme^nce items are packaged today 
may also be questioned by the consumer 

United States agriculture has enjoyed a competitive edge 
in world markets, in the production of major grains Farm 
exports are vitSi to our efforts to purchase petroleum from 
foreign nations Heavy world demand«f6r ourjarm products 
coupled wfth the basic need to meet consumer demand at 
home will add pressures to increase food prices Rising 
energy and world inflation factors could drtve the cost of 
food out of reach of our e?^ort market. The resulting 
effect would be to increase the problems of starvation and 
malnutrition Under these conditions, efficient as well as 
e/fective utilization of energy becomes a major con<J:ern 

In the long run, major changes will probably occJt in the 
United States food and fiber system Shifts irvproduction 
practites toward energy conservation, the development of 
new technologies to permit utilization of rpore abundant 
forms of energy (generation of plectnfcity with coal and 
nuclear material, harnessing of solar and wmd energy, and 
the utilization of agriculturaj products and by products as 
sources of energies), and less demancl for highly processed 
and packaged food forms will require different types of 
machinery,^ equipment, buildings,^ and management skill 
-While- ««§ift€efs^-emi-^sGt«m+st*-wwU coot*ruie tamake 
significant and vital technical contributions to bur food 
and fiber system in the era of energy constraints, participa- 
'tion in the political and social arena is essential.. As an 
example of the challenges in tHb latter area, we should work 
to obtain a national policy vvhich encourages the use of 
fertHe land in areas^of sufficient water supply for crop 
production and the use of less productive land fofextensive 
rather than intensive agriculture^ or .urban and industrial 
purposes to improve the overall energy efficiency of our 
food and fiber systqm. 
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Introduction 



The participants in this working conference have had the 
opportunity to examine the energy dimension of selected 
segments of the U S» lood ^nd fiber system. The energy re 
quired in increasing the form utility of a proditct has been 



reviewed m terms of input manufacturing, farm production, 
and processing. These septors too often are treated as 
though they exih in a nonspatial economy with^few diffi- 
.culti^sjn transporting goods Uhm onQ stage to the next. 



Energy Jn Distribution - Scope 



Based on the generally accepted major subdivisions of 
the food and fiber systems, one would anticipate that this 
current session would dwell upon distnbi|ion from»the pro- 
ofing stage tbthe wholesaler in the city where the product 
ultimately is consumed. ' > 

Such a narrow definition deals with from three to*four 
percent of the energy consumed in the food and fiber sys- 
tem. This greatly understates\he realities of the total distri* 
bution requirements. Placed in a broader context, trans- 
portation of goods accourtts for about eight percent of total 
U.S^ energy con sumption. ^ 

Energy expended in moving goods from one location to 
■another indeed is a critical comport of trtis nation's eco- 
nomic fabric. Transportation needs are d»/fused throughout 
the system from the mine to the point of consumption. The 
place Otihty of a good is of equ^l importance relative to the - 



form utility. J=or example, pnless transportation of farm 
products from California and Iowa can be facilitated with 
felatwe ease, the economic value of theje goods to the con* 
sumer m New York City approaches zero. Densely popu* 
jated manufacturing and service centers, ofteij situated far 
from specialized agricultural regions, would Become in- 
feasible. 

With these factors in mind, this discussion on energy use 
and conservation in the food and fiber system is based up* 
on an expanded definition of distribution. , ^ 

Distribution is any activity which has the goal of over> 
coming the friction of distance in moving economic 
goods from 6n6 geographic location to another in 
order to facilitate the production-consumption pro- 
cesses. 



Food and Fiber System — Flows 



The teVm "system" has been used freqOtently in studies 
^ of food and fiber economics. Wtren applying the systems, 



«ach indfvidual component and to expand the level of com- 



* concept, one is attempting to proceed beyond analysisjof 



'H,.. - prehension about the linkages befwe'en the cells. Chart I 



e^flau 



^Hirst (Referent Ho. 17) Wtimated that one^fburth of UJS. en- 
•rfiy consumption^tS required m theotransportation of goods and 
peqple. The freight component accounts for approximately one- 
third of this if^intra^y tracking is included. It is amazing tliat two- 
thirds of a I transportation energy;;j>Mised in the movement of 
peopla. HovtMnuch. IS involved in consumer pur^ha^ trips is yet to 
bt determmeo. If evaluated on a^per ton-mile ba9f^, the human trip 
IS ny very efficient. 



ERIC 



Illustrates the major components df thp food and fiber sys- 
tem and portrays the n\ajor flows.2 Observe the transport 
functioji (T) associated with each linkage.! Transportation 
enables the system to perform in a spatial environTnent in 
which linked activities do not occur at the same location. 



^This^hart and much of the remaining discussion are based upon 
the contents of Tho U.S. ,food snd Fiber Sector Energy Use »nd 
Outlook (Reference No. 13) 
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Chart I 



ENERGY FLOWS IN THE FOOD AND FIBER SECTOR 



FiRTILtZER 



LABOR 



=#4 



^ ^ 



MACHINjERY =gtSp 



FUEL . =g^i 

• %inn — [ 



OTHER I — fTHsH 
MATERIALS r—^by—r 



^ELECTRigTY^gt:^^ 





CQNSUMfTION 

rtOME'AND^ 
AWAY FROM 
H^ME 



INPUT SUPPLY CROP, ANO LIVESTOCK PRODUCTION 

iglTRANSPORTATION (gPROCESSINQ 
as DEPARTMENT OF AGRICULTURE 



FOOD PROCESSING i)ISTRI8UT10N AND 
AND STORAGE MARKETING 



CONSUMPTION 



NEG ERS 678^f4l9T^^ECONOMIC RESEARCH SERVICE 



'A wide .variance exists both acrols and within the dis* 
• trib'utlve flows in terms of: ' . • » 

1. DistHpce and volume moved (ton*nr)iles) ^ 

2. Transport modal mix ' 

3. Seasonality (timp) of movement 
. 4, Ease of transport 



5. Cost of transport 

6, Origtn-destination patterns * , ^ 
' ' 7. Flexibility of alternative 

£ach flow possesses a transport mechanism whose basic 
.characteristics are dictated by the varying locational pat- 
tei^ns evidence</ fh each stage. 



• , ~ Example Flow^^Cotroir^ 

An example which aids in highlighting ihe importance of vidual's level of awareness about th& spatial dimension tends 

transportation is the cotton textile prcfSuction stream^ The^ to be limited, ^ reverse ^approach is ad^apt&d m beginning 

standard procedure is to sjart at* the mine and follow wjth the J^post familiar. , 
through to the^ consumer. fldwever/»$ince tbe average mdi*. ^ ^ • . - ' " : 



Map I 

Concentrations of Final Demand 





Map I portrays the majq^ concentrations of f tnal demand, 
as measured by state aggregate personal income. Assume 
that these states represent the major'utttmate destinations 
of appardi manufactured from cotton textiles. The retanl 
, outlets (departrpent stores) ^re located relatrrely-ctoseno 
the consumer.3 However, the clothing manufacturers evi- 
dence a highly concentrated locational pattern in the New 
J York-New Jersey complex as shpyvn in Map II. The relative 
transportation requiremeht& to service tl]e national market 
^are considerable.^ The telktiie -todustry is focused in the 
Piedmont area (Map Ul) ^pst cotton production occurs in 
the gtfuthwest (Map IV) ^ The resultmg long-distance ship- 
ments of cotton bateS'to thfr textile mills translates into 
about eight million ton miles ^ap V shows the locatTon of 
f arm tnaqh*nery manufactjjirers. Again, this involves a signi- * 
' ^ ficant transportation component Fmally, Map VI illusK^es ^ 
the spatial concentration of ^he three basic fertilizer inputs. 
In the case of mixed fertilizers the three components must * 
be assembled at one fertilizer pfant igrior t^ n^emeht to 



the" farm via the farm supplier. 



Map II 



Concent rat ip'ns of AppardI Manufacturers^ 




Map IV ^ 
Concentrations of 6ott6n-Farm 



Production 




, . ^ . Map V 
Concentrations, of Farm Machinery Manufacturers 



^The consumer generates. the transportation necessary to m^ke 
the purchase, This energy- ft mponent has not been incorporated >n* 
the distribution estiiTutes. ^ ^ ' ' 

^The locatioi^al patilffn of Mhe' wholesale sector would be inter- 
medtate, occtirnng in iD^jor metropolitan ^reas. ^ e ^ 





"^Obviously, the locattoriai patterns and flows m this ex- 
ample are simplified greatly in order to highlight the spa- 
tiaJ displacements existing within the system. One example 
of how complex the origin-destination matrix can be even 
for a basic flow is found m an analysis of "cattle and calf 
movement 'in the South Marketings of non-slav9hter 
calves and veals^ are jiepicted.as ocqurringnot only among 
states within the Southern Region but also as a myriad of 
external flows to almost every other state, in the nation. 



Hopefully., the complexity and importance of the dis- 
tribution segnrmnt of the U.S. food and fiber system have 
been communicated adequately. Although fragmentary data 
bases and siudies^do exist, far too little is understood about 
the distribution phase and its energy requirements. With 
that in mind, the next section attempts to portray anover^ 
view of the transportation energy needs associated with 
' each stage. • - ' 



~ • . Distribution Energy Needs 

/ . U* 

Best estimates indicate that transportation energvi use 
accounts for about one fifth of all energy used in the U.S. 
food and fiber system.^ This rpprefsents only a little more 
than two percent of all energy consumed in the U.S. There 
are kjme who would argue that such a small number war- 
rants only mmioial "attention in energy conservation efforts. 
However, the absolute necessity of mamtammg a viable 
food distribution system makes this rjOmber far more im- 
portant than itvvould first appear Approximately 90 per- 
cent of all transport fuel rr^^^^n this system 'are met by 
diesel, with the re^mamder met by^ gasoline. Such a com- 
plete dependence upon an. energy form of which one-third 
originates from unstable foreign sources further magnifies 
the importance of rnaking food and fiber transportation as 
energy efficient as is practical.^ < 



Table I depicts the modal characteristics' of agricultural 

transportation, from the farm gate to the city of final con- 

sumption.9 Observe that farm trucks hau(ed more tonnage 

than any other carriers. However, the meaningful value of 

ton-mileage is domir^ted heavily by the commercial truck 

(60 percent). Note also that rail and water transport are five 

times as energy efficient on the average as are trucks; yet 

combined they carry only one-fourth lof the ton-mileage. 

The extensive utilization of trucks has evolved for two rea- 

f 



Transportation - Fari^'Gate to th« City 



sons* 

1. Trucks are available to service the widely dispersed 
agricultural community, much of which is acces- 
sible only by /oad. 

2. Ttmeltness is essential in moving perishable com- 
modities to the consumer or to the processor. 

• Table Tl compares transportation data for selected com> 
modities. Observe that poultry and vegetables undergo* av> 



Table I ' ^ - ' ' 

Agricultural Product Transportation: Estimated Fuel Needs by Mode of Transportation, 1970^^^;]^ 



Wode of 
f Transportation 


Tons 
(Millions)* 


'''*>^ Miles'^ 


Tori Miles 
(Millions) 


Ton Miles 
(Percent), 


Ton Mile^ 
pei'G^lon^' 


Rail 

All Trucks 

» Commercial ^ 

^ Farm 
Water ' 


118.1 
559.4 _' 
' 266.8 
292.6 ' 
34.6 


497 
291 ' 
^5P8, 
* 39 
870 


58,725 
162,710 - ' 
151,426 
11,284 
• 30,090 


' 23.3 
64.7 
60.2 
4.5 " . 
12.0 


250 
48 
50 
'30» 
220 


All Modes 


' 712.1 


353 


251,525- 


100.0 < 


67 



'SoajcQc; The tl$.,^obdand Fiber Sector Energy Use and Outlook (Reference N6. 13) excludes Alaska and Hawai^ 
?VroinOSDA§teff^Pap^, October 2, 1970. • , ^ . i 

^Estimated !vo«IV 'rom Ed Heitz, Traffic Manager, Agricultural Marketing Service. * 
^^'Froin tincoln,G^^ "Energy Conservation," Se/e/ic^, Vol. 180, April 13, 1973. 
•Estimated in Economic Research Service, USDA. * - * 



'5l. D. Mjiphrus. et al (Reference No.^1), 

^Calculations based on data fr^ The U.S. food and Fiber 
S^torpBJt^rgy Use •nd'<^t/ook (Reference No. 13). Excludes en- 
ergy used in mtracity transport ar>d for consumer* purchase trips. 

'On a work! scale, this energy use actually exceeds the total 
consum0tioo of jtfme LOC's. 

^Siniitar efforts shodfd be imde in all economic sectors whether 
large or smalt. Only in this manner can successful overall conserva> 
tion measures be achieved. , ^ 



erage shipments exceeding l.pOO miles. This reflects the re- 
motenessof specialized farm production regions from major 
population centers. Vegetables, milk, and grains evidence 
the largest tptal transportation requirements. 

9 Raw agricultural projducts to the processor or directly to the 
consumer, plus processed food to the consunner. The data do not in- 
clude the movement of cottoA textiles, etc. ^ 4 
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.Table It 



' Agricultural Products Transportyl by Mod^of Trans^rtation, 1970^ 



Commodity 



AlfModes 



Tons 

. (Millions) , 



Miles 



Ton Mfiles 
-(Millions} 



Share of Ton-Miles (Percent) 



Rail 



All Trucks^ 



Water 



Livestock 
Poultry arxi §ggs 
Milk 
^Feed grains 
Food grains. 
Soybeant 
Peanuts 
Tobacco 
Fruits 
Vegetables 
Hay 
Sugar 
Cotton 



46.1 
146 
733 
194 5 
102.2 
97 5 
45 
4.9 
192 
37 8 
24.1 
75.3 
18.1 



520 . 
1200 ^ 
•500C 

159 

312 

197 

683 

787 

706 
1152 

115 
•22d 

408 



23,950 
17,520 
36,650 
30,961 
•31,932 ^ 
19,183 

3,075 

3,854 • 
13,552 
43,545 

2,766 
17,154 

7,383 



7.5 



28 5 
46.0 
24 0 

8a 
39.5 
18 0 
26.5 

f.O' 
46.5 
66.0 



92.5 
100 0 
100 0 
46 5 
110 
31.0 
92.0 
60.5 
81.0 
73.5 
93.0 
53.5 
34.0 



25 0 
43.0 
45.0 

1 0 



Total 



712.1 



353 



251,525 



23.0 



65 0 



12.0 



^Source The US Food arid Fiber Sector Energy Use and Outlook (Reference No 13) Based on USDA Staff Paper. Projected Agricultural 
Transportation Requirements, Oct 2, 1970. and USDA staff paper. Projected Agricultural Transportation Requirements-Modal Distribu- • 

, tion. Oct. 30. 1970, and estimates on mileage by mode of travel by Ed Heitz, Traffic Manager Agricultural Marketing Service, June 8, 1973, 
Excludes Alaska and,Hawan • , ^ 

^Includes farmer-owned trucking and commercial trucking from Table 53 

^Includes mileage'for trucks returning emptv. ' a " \ 



Farm trucks are us^ mainty to carry small 'gr^'^S' hay,, 
and sCjgar crops to the elevator or processor. Commercial 

-t^cks haul a wide variety of goods, including most of the 
perishables. Trains primarily transport nonperlshable items, 
such as gram crops, sugar, and cotton. In addition, large 
volume shipments of fruits and vegetables move long dis- 
tances by /ail. Barge traffic is comprised almost exclusively 
of grain and soybeans. 

Regional and commodity patterns quite often diverge 
from the general trends just described. For example, Casa- 

-vant and VVhittlesey studied potential impacts of rising ener- 
gy prices upon transportation costs and the resulting in- 

tfiuence upon<the regional location of agricultural produc- 
tion.! O^^By doubling energy costs, the following changes 

would'^result in eacj)- mc^e: 
I. * 
Percent lnc(ea$* 

in Total Costs 



Absolute Qost Increase 
Per Ton-Mile 



Barg^ 15% . •.068«. 

Rail .8% ' * .056« 

Truck ^ ' 13% ..170« 

The barge is mo$t sensitive in terms of the impact on total 
costs. However, on an-^bsolute cost per ton-mile basis, the 
truck IS three times as sensitive as fS rail. These cost in- 
, creases were applied to several commodities and regions, in> 
eluding apples in the Northwest. Twenty years a^ 80 per* 



^^attvent and Whittlesey (Reference No. 7). 



cent of the apples moved from Washington eastward by' rail. 
Recently this share has been jtransferred to trucking, making 
Washington apple groweri^creasingly vulnerable to energy 
price increases. They are, apt to lose a significant portion of 
the eastern market to more favorably located producing 
areas. The overall conclusion from this analysis is that agri- 
cultural producersjn the Pacifit Northwest are likely to suf- 
fer most from energy cost increases, given a heavy reliance 
on trucking and remoteness from major markets. 

Transportation — Farm Inputs 

Deficiencies in the data base concerning energy use m | 
tt^e distribution of farm inputs afe common. However, par- 
tial data can be employed, using ton-mileage as an energy 
surrogate in assessing the features of input transportation.^ 
Although the farm machinery industry was described earlier 
as concentPrted) the location (see Map V) is close to the . 
major farm production regions/ AboOt 70 percent of the 
market is less than 600 miles from the machinery manu- 
facturers. Yet over half of the ton-miles'^re involved in 
shipping the remaining 30 percent to more distant markets. 
Rail accog/jted for tftnost half of the ton-mileage (longer 
hauls). , ^ . . * 

. The agricultural fertilizer industry is more dispersed, re- 
sulting in'much shorter average hauls. However, the raw ma- 
terials for fertilizer are highly localized, and the associated . 
transport requirements undoubtedly offset this- inittal ad-* 
vantage. 
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Ingredients for the manufacture of feed move an average 
of 330 miles' to the plant, compared to a GO-mlle average 
movement of th^ product from plant to the farm gate. 
About 56 percent of the ingredients and almost all of the 
manufactured feeds move by truck, with most of the re 
mainder traveling rail Available data indicate a consider ^ 
able regional va?iation in modal requirements For example, 
two-thirds of the feed ingredients in th^^ppatachian, 
Southeastern, and Delta states move by rail. 

Almost half of the tpnnage and two-thirds of the ton* 
mileage of pesticides travel by rail. This group of comrinodi- 
tteV^s one of the few examples in the food and fiber sys- 
tem wtjere the rail net (more energy efficient) has increased 
rather than decreased its share of the transport load. 

Petroleum products represent a critical input to the farm 
production mechanism. Use is highly seasonal and is diffi- 
cult to determine accurately on a monthly basis. On-farm 
storage facilities usually are limited, often to a two week 
supply. The wide-flung distribution system necessary in sup- 
• plying the farmer wtth'6.5 billioh gallons of fuel involves 



an additional 80 million gallons for transportation (one gal 
Ion used to deliver 80 gallons). 

In summary, the distribution needs in the U S food and 
fiber system have been shown to involve the movement of 
large tonnages over a wide range of distances, requiring one- 
fifth of all energy used in the system. The least efficient 
energy user (truck) accounts for about 60 percent of the 
total ton-mileage ^ 

Transport^tibn - Dollar Cost 

However, even though energy is important in agncuUure, 
Its contribution to the total dollar cost of a product nor 
mally is about lour to eight percent The transport energy 
component then represents only about one cent.^^ This 
number and its variability mean far more to the entrepre 
neut tharx energy measures expressed in gallons or Btu's. ^3 
If energy conserving practices result in increased costs, they 
are not likely to be adapted This is a critical factor to be 
kept in mind wllen discussing potential conservation prac- 
tices in the ensuing section 



Conservation 



Even though energy use in food and fiber distribution is 
such a smaji part of the total, many possibilitie$,for energy 
conservation exist How many of the alternatives are econo- 
mically feasible is yet to be determined. 

Truck* Capacities 

One alternative which represents jboth energy and eco- 
nomic 'savings is the expansion of truck Capacities.^^ In 
1973. freight with a density of 18 to 20 pounds per cubic 
foot could fill a standard 40 f(^ot semi without exceeding 
the maximum legal- limits <73,280 pounds). ^5 The "break 
even" point for 65<foottwin trailer combinations is 12 to 
13 poundsaverage density. By employing the larger capacity 
trailer rigs, over 20 percent fuel savihgs can be attained for 
a load averaging 12 pounds per cubic foot due to fewer 
vehicle trips. Combined with greater weight limiti.( 80,000 
pounds), the fuel savings for light ^ads could exceed 30 per- 
cent For the high density freight, the increased weight, 
limits coul(^ result in fuel ^vings of about 10 percent. 
The cumulative effect would not achieve these percentage 
estimates, since many Ic^ds would not be increased. One 
recent prof^osal has been to permit doubled 40 foot trailers 



^ ^ Doe5 not include fuel needed to transport petroleum products 
from the refinery to-bulk ptents and distributors 

^^Less than a century ago, *he importance of land nransport 
costs dom^nated^product costs. For example, a load of (umber could 
be cut in Sweden and moved 2.000 mites by water to England at a 
reasonable c^u. However, to move that lumber just five mile$ inland 
resulted m a 9ubling of total costs! 

l^An example of the small impact of transport energy costs on 
product prices is found^n a study by Anderson and Budt (Reference 
No. 2). They calculate that each increase of f»ve cents per galtdn of 
diesel (trucking) adds about one tenth of one cent per pound to the 
delivered cost of meat. 



with a 125,000 pound maximum Many questions must be 
^ resolved, such as increased costs of road maintenance, be- 
fore this would become reality. 

Backhauls 

't 

An unfortunate circumstance exists in which many trucks 
throughout the food and fiber system are empty on the re- 
turn trip Much of this iS'dictated by traffic imbalances be- 
tween two shipping points. A much greater volurrus may be 
moving in one direction, necessitating some carriers making 

' the return trip without a load. 

However, other causes are responsible for an additional 
number of trucks being "deadheaded" on the return trip. 

' In the regulated trucking industry, backhauls often are pro- 
hibited.^ ^ In a recent loadometer study, it was shown that 
private tractor-trailer rigs returned empty 62.4 percent of 
the time.18 The Interstate Commerce Commission ICC pro- 
hibits private carriers from entering^ither contract or com- 
mon carrier service on a return trip ICC regulated carriers 
return empty 38 percent of the time. Part of this is gen-^ 
erated by the fact that a contract carrier cannot become a 
common carrier on the return trip If private carriers could 
reach even the inefficient ratio achieved by the regulated 



^^fhis issue has been the focus of considerable controversy with 
respect to the safety element. 

ISAmencan Trucking Associations (Reference No. 1 ) 
^^Many states permit twin trailers. These rigs have been forced 
to route around the other states, resulting m inefficiencies of fuel 
use Jhe 80,000 pound maximum has not been adopted by about 
20 states. As a result, many shippers still load to the 73,280 pound 
, limit. 

^7For example, private trucks moving meat from Colored^ to 
New Yo/k cannot carry a return load. 

IfiMiller (Reference No. 22). ' * 
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carriers, significant savings would result. Indications are that 
fuel consumption rates of about five miles per gallon are 
maintained regardless of whethecthe truck is full or empty, 
emphasizing the energy inefficiencies of those backhauls 
which do not occur solely due to regulatory restriction. 

With energy iand laborf costs increasing, firms are ex- 
ploring backhaul potentials in intracity movement from the 
wholesaler to the retailer Few possibilities exist at the farm 
level. Since approximately four times as much leaves the 
^ farm as is hauled to the farm. 

Wasted Space 

Many trucks carry less than full loads, and for light den- 
sity routes this often is unavoidable However, some inef 
ficiencies do exist. For example, a meat truck loaded to 
legal weight capacity carries two thirds more of the final 
product than does a livestock truckJ^ Hung carcasses 
shipped from Iowa to New Yorl^ represent considerable 
wasted' space over* boxed meat.20 

The rail system obviously is more energy efficient than 
trucking. However,, this mode is not accessible to many 
firms and is inefficient for ^ort^hauis Although raiJ^serv- 
ice and dependability have improved somewhat, truck serv- 
ice has adjusted much more rapidly in reacting to changing 
needs. Perhaps reduced regulation of railroads would gen 
erate an improved response to the requirements ot the food 
and fiber system, with a/esultant shift of some commodi- 
ties to ttee more energy efficient rail mode, , 

Market Realignments 

Mafket realignments could reduce the necessity for dis- 
persed, smalt volume shipments. The anhydrous ^rr^nrjonia 
industry contains many instances in which each plant ^rves 
, several regional markets, on a national scale. More often 
than not firms are competing in the same markets. Since 
anhydrous ammonia is a uniform product, it is possible for 
firms to trade supplies:. In t^is way it is possible for one 
plant to supply all ;it}u Ik* outlets in Illinois, regardless of 
company affiliation, *while another plant may service all 
outlets in Georgia. The duplication of rou^s is minimized. 

An analysts of the distribution of bulk dairy feed in the 
Northeast provides an excimple of the energy saving poten* 



19A$$ume$ 3 60 percent slaughter yieW of beef. Anderson (Ref- 
erence No. 2)" 

20under existing weight limitatfons, httle is gained by moving 
boxed meat instead of carcasses After deducting 30-35,000 pounds 

^for the empty trailer and tractor from the gross allowable 73,000 
pounds, 3843,000 pounds remain for the^load. The average full 
load for hanging bee? is 36.500 pounds. Boxed meat is lirr^ited by 
weight rather than space to about 40,000 pounds. By allowing a 
greater weight maximum, the potential difference would be greater 
(assuming packaging problems would be solved). However, tven 
under existing corvditions mo^e of the product is shipped at a given 

. weiglvt as boxed meat since the byproducts have been removed. 
(Source: Conversation with James tjsuth. Director of Transporta- 
tion and Warehouse Division, AMS, USDA, Washington). 
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tials of market realignment on a more local scale.2i Pres- 
ently the delivery of bufk feed mvolves a heavy duplication 
of routes, with relatively small storage capacities on the 
farm (less than two weeks). If storage capacities could be 
expanded, thereby increasing the minimum size of ship- 
ment, the frequency of delivery would be reduced. This 
'action alone rhight result in decreases of from 7 to 23 per- 
cent in fuel btilizaticuDv-for delivery. If exclusive delivery 
territories also were adopted, the diesel fu^Lneeds would 
drop by over one-half'22 Twenty-five million tons of mixed 
feed are sold per year, and most is bulk delj^ered. This in- 
volves over 100 million miles of route tra^^l and 16 mil- 
lion gallons of diesel fuel If the frequency of delivery 
could be reduced, from 1.1 to 3 7 million ^allO;n4pf diefel 
would be saved annually. If, in addition, exclusive terri- 
tories evolved, 10.5 million gallons total might'*ie saved. 
When compared to total digsel use in the United States, 
this represents less than one day of consumption. However, 
many conservation alternatives are just as inS4gnificant when 
considered individually. Wj^en measured in the, aggregate, 
the same alternatives assume a much stronger position. 

r 

Other 

The potential for energy conservation exists in many 
other elements of food and fiber transportation. Regulated 
rate structures often lead to thdirect routing or perpetuate 
inefficient locational patterns. By shifting processing stages 
in which weight loss is significant toward the location of 
the raw material, unnecessary mpvement of excess weight 
IS minimized. Multimodal transit (piggyback) combines the 
advantages each rhode has to offer. Waste disposal often in- 
volves a duplication of rogtes. Marketing firms can alter 
their logistics system for existing market stroctu^es in terms 
of improved routing and storage. The movement of people 
associated with the agricultural sector has received minimal 
attention.23 bittle is known about the comparative energy 
efficiencies of high density versus low density routes. 

In conclusion, many other examples could be cited as 
possible areas of energy conservation. However, it should be 
evident that one overriding theme can be stated as being re* 
sponsible for many o'f the avoidable inefficiencies today— 
the artificialities created and perpetuated by regulation. 
Change is inhibited by. the inflexibilities of existing poli- 
tical and social institutions. Unless regulation can be mini- 
mized and that which remains then be made responsive in a 
timely fashion to economic realities, the aggregate op- 
portunity for energy cbgservation in transportation is re- 
duced. 



2l0avulis, et al (Reference No. 9). 

22This institutional change would-be difficult to implement 

without stifling competition. One rn^chanism which could result in 

spatially contiguous markets /rould be to require payment. of a 

posted feed price plus the true transport costs by tlie purcha^r, 
bastfd on his distance from the supplier. 
23Rupprecht (Reference No* 28). , 
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Thd Bi9^ Picture 



The focus throughout xhk workshop has been on energy 
efficiency Howevef*, ix is imperative that energy be placed 
in perspective relative to other inputs. For o^ample, energy 
historically^ has been a substitute for labor. As a propor- 
tion ^of the total cost-«f a product, energy costs are respon- 
sible for 6 to 8 percent, and labor charges are almost 50 
percent An 8 pe'rcent increase m Wage rates impacts tf\e 
total cost of a product as much as^ doubling of energy 



prices. The entrepreneur may continue to opt^or energy if 
the substitute he face% is labor, 

T)ie short runr assignment of the food and fiber sector is 
to eliminate energy ineffr^ieocies which have evolved due to 
the historic low prices ^of §nergy. In the longer run4 ways 
must be found to substitute more plentiful energy sources 
(such as solar) for the increasingly scarce and costly fQ^ssil 
fuels. The current practice of crisis frianagement must be 
discarded so that resources ,may be devoted now to the de- 
velopment of models, logisjics systems, and applicable tech- 
nology m anticipation of future needs. 



Research, teaching, and Extension Needs 



\ 



Professionals dedicated to research, teaching, and exten- 
sion as4 related to the food and fiber system face a diffi- 
cult, yet challenging task in the area of energy conservation. 
At present ^he 'policv*mak6r is forced to make transporta- 
tion-related decisions based upon minimal data. Too little 
IS understood about the complexities of the distribution 
system. The researcher can work to alleviate this deficiency 
by quantifying energy use and efficiencies in assembly ing, 
transporting, and distributing agricultural products, T^ere H 
a great need to examine these problems at the regional level, 
since each region is unique in its transportation require- 
ments. Each problem must be analyzed from a total econo- 



mic as well as an energy stand'point. The teacher is respon- 
sible for equipping the student with an increased level of 
awareness about the spatial dimension of economic activity 
and ibr providing-the student with the basic tools of back- 
ground information concerning energy, quantitative tech- 
niques, and logic. The Extension specialist faces an equally 
difficult task, since it is his duty to stay abreast of new 
conservatioit potentials and nrTake the information available 
to the agricultural community, ^ove all, each professional 
must work at the art of effectively communicating develop- 
ments in Energy use in food and fiber distribution. 
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After preliminary discussion, approximately 15 partici- 
pants in the Extension group agreed that extension^programs 
should be directed toward two major audiences, (1) the 
general public and (2)' agricultural producers. The group 
then undertook to define messages and to propose delivery 
systems. The recommendations agreed upon are outlined 
below: * \ 

A. The General Public 

I, Th« Message 

A, Bnergy Cor}$c/ou$ness - Stress the reality of the 
problem and the need for th^ public to become in- 
volved in decision-making as to priorities. 

6. Cooperative Conservatlor} - Conservation by agricul- 
ture alone will have some, but not much, effect ~bn 
the total picture. The pubMc must help v^th conserva- 
tion and. thus- the major goal is total Cooperation, 

C, Poiicy » Provide reliable facts and urge the public to 
^ appiy its influence toward the making of national pol- 
icy Ifavorable to a continued supply of adequate food, 

D, Adequate Production - Promote public awareness of 
American agriculture's role in supplying adequate high 
quality Tood and of the importance of assuring agri- 
'culture. Enough energy to produce this .food, while 

^ at the same time^iupporting research and^develop- 
ment for new sources and more efficient uses of 
energy. 

II. Delivery Systems Develop a nation-wide Information pro- 
^gram supported by individual state programs, ^ 

A. Provide television and radio spots for nationwide dis- 
tribution and seek sponsored or public affairs time on 
networks, including PBS, to disseminate attention- 
getting factual information, * * 

B. Public Press,-- PrJvide information in easily tnT^er- 
stood form for magazines and other periodicals of 
general, consumer and^homemaker interest., 

C. Wire Service - Establish acxessible and reliable source 
of information, 

D. Extension Information Channels - Each state should 
. uSe normal inf^frhation channels, 

E. Persorhto-Person - Each state should consider use o( 
energy town K3II meetings, homemaker groups, etc. 



B. Producers 

I, The Message (Must be unique to the audience but stress 
systems approach,) 

A. £nergy Consciousrms — Increase producer awareness 
regarding current^ and future energy resources and 
requirements, ^ 

B. Cooperative Conservation - Give the producer the 
facts and allow him to make decisions as to jalterna- 

"tive enterprises, productidn practices, use of equip-* 
ment, ^tc. Point out that it may b^me necessary 
to establish an on-th^-tarm conservation program in 
order to obtain fuel,^ 

C. Audience Uniqueness — Reco^ize differing needs of 
various segments of agriculture with allowance for 
such inputs by qualified individuals, bu\ stress the 
total systems approach in all energy considerations. 

D. Total Bnergy View - Emphasize the adoption of pro- 
duction praqitices based^ on overall energy require- 

^ ments rather than just limited sayings for an individual 
o^ratiof. Such total energy data and recommehda- 
, tions should include support system inputs as well as 
on-farm production requirements, 

E. Goal — Emphasize that the farmer is producing food, 
not energy. 

II. Delivery Systems It will be ^ challenge for^ extension 
groups at national and state levels to develop effective 
delivery systems for these programs. 



C. Recooimendations 

The group voted unanimously to ask the Southern Ex- 
tension Directors Association to request Extension Service 
USDA to establish a national committee to prepare a public 
information program for the national delivery system (as 
suggested under "The General Public" of this report) and 
that this committee (also as outlined under/'Producers" in 
this report) develop a producer information program that 
would apply to agriculture in general. It was further recom- 
mended that individual states develop inputs for these na- 
tional etfo^s and information^rograms geared to the unique 



' aspects«and situation^ of their producers. Finallyr the group recommends- that the entire SREB 

^ The Extensioagroup unanimously agreed to categorically Energy Conference send a resolution to th^ National Asso- 

emphasize the irnportance of visible administrative support -ciatton of State Departments of Agriculture meeting m West 

and budgeting ior Research, Teact^ing, and Extension pro- Virginia. October 5. 1975, requesting national support for 

grams to secure sufficient energy for at least cormnuance all programs proposed by the Southern Regional Educa- 

qf conterpporary* productivity. tion Board Conference *on £/7er^y />? /^^r/cw/fwre. ^ 
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Credibility of information sources appe^s to be a crtttcal 
factot;^ in disseminating information on energy. Colleges of 
agriculture have* been developed to have credibility with 
yhe public, wh^itlv increases the faculties' responsibilities in 
providing accurafe information on energy subjects. Uni-^ 
vecsity students a^e certainly a key group {o be pfovided 
with* current and factual information on energy. * 

Agriculture should tak^ a* lead in dominating energy 
information. Too often in the past, when critlfcal situatipns 
arose ^Agriculture let other groups take 'the lead and we 
were then^placed in a defensive position. On^of the prol#. 
lems' now confronting us is the lack of adequate ihformation. • 
'iT'was felt that too much of the informatlort conryng out 
at this 4tme is not founded on facts. If we are to \each 
energy adequately in our courses and retain our credibNity 
as an information source, we must pre$ent,accura|e infor- 
mation. Additional, research should be encouraged .to, gen- .~ 
erate accurate information on energy used in agriculture;^ 
which can be^^used in our teaching programs. Professiogal 
societies should take an active role \f) collecting information^ 
oa energy and plj&moting the disseminatfon of this informa- 
tion. ' . * 

■There was no one recommended course sfructiMfcwhn^^ 
could universally be used' in p^senting informati&n on ^ 
energy. The organization of th^ academic structure within 
the university, course philosophy and personnel would be 
important factors in determininghow^the maflP^I was to be 
incorporated into the educational program. The following 
artf recommendations ^hich evolved frorn the dis^ssioiyt)y 
the teaching group: ' 

■1. Special energy courses, 'the incorporation of energy 
atopics \n\o existing courses.* semiriars, campus'wide 



^ourses^nd combinations of these were all considered 
» '* as viable approaches. The most appropriate would de- 
^ ' pend on the local situation and as is frequently, the 

case, new courses on energy would likely evolve frb 
^* some qf the less-structured approaches, especially 'as 
more accurate information becomes* available on 

f 

erfergy^ uses in agriculture. 

> 2. In appropriate existing courses the Course philosophy 
should include concerns for energy. Exampleyof a few 
specific points in this regard are listed bptow. These 
pdints reflect a close relationship to specific disciplines. 

a. D^elo^an understanding about energy, require- 
• ments and the ^nsumer demands and their inter- 
relationships ' * ^ 

b. Introduce energy as a major design parameter 

, c. Continue to teach improvement of production 
efficiency, v^ith higher enerpy'cost requiring a'^ 
^ change In one of the production input iterr^. 

3. A better appreciation of th^ rote of energy in agricul- 
ture among all faculty and administrators^of colleges 
^ of ajgriculture should be^eveloped. This might be ac< 
complished by s6mi;iars or dther training sessions. 

A concern was raised regarding th^ development of an 
^ver-emphasis on energy education. This would suggest that 
we might try to mdke an energy expert of everyone which 
would detract from training in our major disciplines. En^gy 
education* should be kept in ^perspective ~ remembering 
that it iia cost factor in producing, processing and market- 
ing food an'cl fiber. , . ^ 
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The 34 participants in thi^s group lirrnifed their discussion ^ 
w consideration of two aspect^: (1) H9W to accomplish 
the needed researph or dehvery.and ^,2) ^searpjhable topics 
_ for Agriculture, Aquacuiture and F^»j|st^y. ^ ' 

The following recommendations Jere •submitted to the 
general session and adopted for cuidance in the region - 

1. Compile and p^bOsK a CQn«reh'ensive bibliography. 

2. Emphasize fuel substitution; e.g.'utihze solar energy ^ 
and renewable sources of energv-itmU as methane frpm 
biomass for h5m€>pd farmswa^ operations ir^fder 
to conserve' liquid fuejs for prime movers froHvfield 
and rbad locomotions and op^ations. ' * 

3. Employ systems engineering methodology to ,study 
inte(- a/d, mtra-systems* relationships (not r^ady to 

rnze production systems With least energy require- 

s as a constraint^ • * ^ ^ 

« 9- / 

Fused energy implications with cbtrent on«gping 
^ research and initiate some high priOFity targeted fenergy 
research. « 

5. Recognize that energy cost fcj fopd and fiber produc- 
tion IS still a small part of the c<)nsumer's budget, yet£^' 

« We can increase its efficiency. H 

6. Research is needed to assure thftavailability qf energy 
as an essential part of a modern.agriculturfti system. 

7. flesearchable topics - ^ ' 
A. Production * » • 

1. ^ conservation ^ . • ^ ^ ^ 

2. utilization . ^ * 

3. new sources , ' o - 

4. biomass conversion . ' « 
' 5. soJar energy > . 

6. wind 

7. storage * . ^ 

8. ^ genetic manipulation (rtitrogen fixation) *" ^ 

9. .crop efficiency ^ , * ^ 



10. »product^,^nthesis 

•^prt Rijn Adjustments * 
^ (energy) fuel substitution 
* livestock efficifipcy^ ^5, 

- Fertilizer Efficiency (manufacture and use) 
pesticide scheduling 
, Energy independence 
^ water utilization and scheduling 
low^ergy production systenjs 
* Policy Concepts of'Farm Production 

nevy produfcts » 
machinery, 

uset>f noR(?agriculturai waste 
' fuel efficiency 

thermodynamic analysis - 
^altpholjengipe 
,3. Processmp ' * 
. 'K' V'3Ste utilization ^ . ^ • 

Q,. - solar energv 
^ % .fuel substitution^ 

institutional grades and standards 
cooking^ 
drying 

location . « 

storage • * . 
(^.^Distribution 

1. Tnsfitutional (regula??bn) • 
cost analysis 

netwbrk theory ^ 
marketing — grades and standards 
mode o| trans^rtati^n substitution 
mulii-mddat transport systems ' 
preservation 

storagie terming , 
D.*Ct)nslirnBr / *• ^ ^ ^ 

^acceptance', * . *"* * 
.^^.l, demand analysj^ v " , - 
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